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ABBREVIATIONS 
The following abbreviations have been used throughout this thesis. 
abbreviation stands for 
IR infra-red 
UV ultra-violet 
NMR nuclear magnetic resonance 
MS mass spectrum or mass spectra 
HRMS high resolution mass spectrum 
GC gas chromatography 
TLC thin layer chromatography 
MPLC medium pressure liquid chromatography 
SM starting material 
Cpd compound 
Pdt product 
Rf retardation factor 
C.I.P. Cahn Ingold Prelog 
rt room temperature 
0/N overnight 
ABSTRACT 
The polyene macrolide antibiotic nystatin, isolated from cultures of Streptomyces 
noursei, was the first antibiotic used in chemotherapy of human fungal and yeast 
infections. Previous work has established its two dimensional structure as (7), 
C47H75N017, and has defined the absolute configuration of the sugar, mycosamine, 
and of the chiral centres at C-34 to C-37 (structure (7)). 
OH 
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Meo 
Meo 
(41 a,b) (54a,b) 
Further stereochemical information has been achieved by degrading nystatin to give 
the dihydroxy esters (4la,b), containing the C-1 to C-10 fragment of the antibiotic. A 
1H NMR study of the cyclic sulfite derivative of the esters (41a,b) indicated that the 
relative configurations at C-3 and C-5 of the esters (4la,b) and of nystatin were both R 
or both S. The absolute configurations at these two centres were established as R by 
comparison of the ORD curve of the esters (4la,b) with that of the esters (54a,b) 
obtained by degradation of amphotericin B and with literature data. 
A stereospecific synthesis of the enantiomers of the naturally-derived mono- and 
dihydroxy esters (54a,b) and (4la,b) from the cheaper (S)-enantiomer of glutamic acid, 
via (2S)-2-allyltetrahydro-5-oxofuran (138), has been carried out. The preparation of 
the allyllactone (138) was achieved by a displacement reaction of lithium 
divinylcyanocuprate on (4S)-methyl 4,5-epoxypentanoate, itself derived from the amino 
acid. Attempts at cuprate displacement on (2S)-2-tosyloxymethyl-tetrahydro-5-oxofuran 
gave a poor yield of the desired allyllactone (138), while E2 elimination occurred when 
the displacement was applied to (2S)-2-iodomethyl-tetrahydro-5-oxofuran. 
An iterative route to extended chiral ,B-polyol systems from a homoallylic alcohol, 
proceeding via an iodocyclisation-epoxidation-ring opening sequence, has been 
developed. In the present case the route starts with asymmetric epoxidation of the 
homoallylic alcohol (176), obtained from the allyllactone ( 138), giving the 
corresponding epoxide ( 189) with 19: 1 stereoselectivity in favour of a syn product. 
Displacement of the epoxide with lithium divinylcyanocuprate affords a higher 
homologue (193) of the starting homoallylic alcohol with two carbon homologation. 
Repetition of the same reaction sequence on the homoallylic alcohol (193) resulted in 
extension of the /3-polyol system to the homoallylic alcohol (202). Interestingly, the 
second iodocyclisation involving the use of a more complex substrate (193) gives much 
higher stereoselectivity ( 42: 1) than the first such reaction. Oxidative cleavage of the 
double bonds of the resulting olefins (193) and (202), as well as trans-acetalisation and 
esterification, gives the desired mono- and dihydroxy esters. 
In this iterative reaction sequence, chirality derived initially from (S)-glutamic acid is 
relayed successively to the hydroxyl functionalities of the ,B-polyol systems. Such 
polyols form characteristic structural segments of the polyene macrolide antibiotics. 
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The resulting mono- and dihydroxy esters are as expected shown by 1 H NMR and 
ORD spectra to be the enantiomers of those derived by degradation of the antibiotics 
amphotericin B and nystatin. The synthesis thus provides confirmation of the f?,R 
absolute configuration at C-3 and C-5 of the esters (41a,b) and hence at the 
corresponding carbon in nystatin itself (7). The synthesis furthermore establishes the 
absolute configuration at C-7 of the esters ( 41 a,b) and of nystatin as R. 
Application of this route to the (RJ-enantiomer of glutamic acid would yield the 
natural enantiomers of hydroxy esters (54a,b) and (4la,b), which are potentially useful 
synthons for the total synthesis of the polyene macrolide antibiotics amphotericin B and 
nystatin. 
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1. INTRODUCTION 
1 
CHAPTER 1 
MACROLIDE ANTIBIOTICS 
The term "antibiotic" was introduced into the literature in 1942 by Waksman, 1 to 
describe compounds produced by one microorganism that exhibit biological activity 
against another microorganism. The story started with the discovery of penicillin, which 
was suggested as a dressing for septic wounds, by Fleming in 1929 .2 This discovery 
stimulated others to start searching for antibacterial and antifungal compounds from soil 
microorganisms, and numerous antibiotics have been discovered. A fascinating family 
of antibiotics produced by Streptomyces species, which are valuable chemotherapeutic 
agents, contains structures which are characterized by a highly substituted macrocyclic 
lactone ring to which the term "macrolide" was ascribed by Woodward in 1957.3 The 
remarkably successful clinical application of macrolide antibiotics inspired organic 
chemists to investigate their structures. The challenge in the molecular complexity of 
these antibiotics has been met by chemical degradation methods, assisted by 
spectroscopic techniques, advanced chromatographic methods and X-ray 
crystallography. 
1.1 Classification of Macrolide Antibiotics 
The macrolide antibiotics can be classified into two main groups, the non-polyene 
macrolide and the polyene macrolide antibiotics. 
1.1.1 Non-polyene macrolide antibiotics,4,5 exemplified by erythromycin 
A (2), tylosin (3),4•6 picromycin (4)4•7 and narbomycin (5),4•8 generally contain a 
mainly saturated, highly substituted macrocyclic lactone ring. Most of them have 
2 
desosarnine as an attached arninosugar moiety, with additional functionalities including 
hydroxyl, carbonyl and alkyl groups (structure 1). 
alkyl 
hydro 
0 
II 
------0-C---------... 
(1) 
desosamine 
carbonyl 
Erythromycin A (2), for example, contains five methyl, one ethyl, one keto, and 
three hydroxyl groups. There are also two different attached sugars, D-desosamine (P 1) 
and L-cladinose (P 2). 
0 
HO NMe2 
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Me (Pi) = 
-L-t:8 
\n~ OH 
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Tylosin (3)4,6 is the non-polyene macrolide that possesses the longest chromophore, 
a dienone. Apart from this, it contains two methyl substituents, one ethyl and one 
aldehyde together with two different sugars, D-mycinose (P 3) and the disaccharide (P 4) 
of D-desosamine and L-mycarose, on the lactone ring. 
0 
I I 
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0 Me 
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Picromycin (4) and narbomycin (5) are similar to erythromycin A (2) and tylosin 
(3), both (4) and (5) having five methyl branches, one ethyl group, and one keto group, 
while picromycin also has one hydroxyl group. Both compounds possess an 
a ,,8-unsaturated ketone as their chromophore and contain D-desosamine as the 
arrunos ugar. 
R 
0 
''' 
Me 
(4)R=OH 
(5) R = H 
,Me 
For most members of this group, both two dimensional and three dimensional 
structures have been established. 
The biosynthesis4,5 of the non-polyene macrolide antibiotics generally involves the 
condensation of propionate or propionate and acetate units. For example, the 
erythronolide moiety of erythromycin A is derived entirely from seven propionate units 
and the aglycone of narbomycin from six propionate units and one acetate unit. 
The major clinical use of this class is against Gram-positive bacteria.9 
1.1.2 Polyene macrolide antibiotics4 ,5 ,10 · 14 are exemplified by nystatin 
(7), the first polyene macrolide antibiotic discovered, amphotericin B (8), the most 
useful clinical antifungal agent, and filipin (9), with the simplest molecular structure 
4 
among antibiotics in the polyene group. The general structural feature of this group is a 
trans-polyenoid macrocyclic lactone ring carrying polyhydroxylic functionality. Most of 
them contain the aminosugar my cos amine as an attached sugar moiety. The extra 
functionalities of this group are commonly alkyl, carbonyl or carboxyl groups (structure 
6) . 
mycosamine 
--carboxyl 
, ___ Q-C-(CH2CH),,------/ 
II I 
carbonyl 
0 OH 
(6) 
The structure of nystatin (7), includes six double bonds which are separated as a 
diene and a tetraene by two methylene groups. There are three sets of ,8-diol units at C-3 
to C-7, C-11 to C-19 and C-35 to C-37 together with an additional hydroxyl group at 
C-10 vicinal to the hydroxyl group at C-11. Nystatin also contains a carboxyl group and 
three methyl branches in the macrocyclic lactone ring. Mycosamine is its attached 
anunosugar. 
HO 
OH 
(7) 
Amphotericin B (8) contains seven conjugated double bonds in the macrocyclic 
lactone ring. Similar to nystatin (7), amphotericin B (8) contains three sets of j3-diol 
units at C-3 to C-5, C-9 to C-19 and C-35 to C-37 and an additional hydroxyl group at 
5 
C-8 vicinal to the hydroxyl group at C-9. It also contains a carboxyl group and three 
methyl groups together with mycosamine as its attached aminosugar. 
OH 
(8) 
Filipin (9) contains five conjugated double bonds together with eight hydroxyl 
groups, two methyl groups and a hexyl alcohol as a branch chain. In contrast with 
nystatin (7) and amphotericin B (8), there is no attached aminosugar. 
OH 
OH OH OH OH OH OH 
(9) 
The polyene macrolides have very poor solubilities in the common organic solvents 
and in water, but they can be dissolved, to a reasonable extent, in polar organic solvents 
such as pyridine, dimethylformamide and dimethylsulfoxide. The compounds that 
contain basic nitrogen or an acidic group can be dissolved in acidic or basic media, 
respectively. These antibiotics, however, are quite unstable in such solutions. The 
polyene macrolide antibiotics are also sensitive to light and heat, and the sensitivity 
increases with increasing length of the conjugated polyene chain. This therefore makes 
the purification of polyene antibiotics very difficult. This difficulty is aggravated by the 
.. 
6 
fact that the parent organism sometimes produces a mixture of closely related polyene 
compounds. 
The feature which permits rapid classification of the polyene antibiotics, even in the 
crude state in culture supernatant fractions, is the highly characteristic nature of their UV 
absorption spectra. The structure of a polyene antibiotic's chromophore can be 
identified from its UV spectrum; all show virtually the same absorption curves but with 
maxima located at different wavelengths. The main absorption band is resolved as a 
regular series of four or five sharp, narrow peaks separated by deep valleys. Normally, 
the peak at the longest wavelength is either the most intense or slightly weaker than the 
second peak in the series. Based on this spectral information, polyenes can be further 
classified as tetraene, pentaene, hexaene or heptaene. 
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Figure 1 UV spectra of nystatin (a tetraene), and amphotericin B (a heptaene) in methanol. 
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Tetraenes1° are exemplified by nystatin (7), rimocidin (10), tetrin A (11), tetrin B 
(12), pimaricin (13) and lucensomycin (14). The compounds of this group are 
, 
7 
polyhydroxylated macrocyclic lactones with four conjugated double bonds and few 
alkyl branches; some also contain carbonyl, carboxyl and epoxide groups. Most of them 
have mycosamine as an attached aminosugar. Tetraenes are sub-divided into small and 
large macrolactone ring antibiotics. Nystatin, for example, belongs to the large ring 
members, and is one of the most commercially important antibiotics. 
(10) 
R 
(13) R = Me 
(14) R = Bu 
(11) R = H 
(12) R = OH 
The molecular weights of tetraenes range from 665 (pimaricin) to 925 (nystatin). On 
the basis of the UV and IR evidence, the chromophore of this group can be written as 
all-trans R-(CH=CH)4- R'. 11 
Pentaenes, exemplified by filipin (9), fungichromin (15), mycoticin A (16) , 
mycoticin B (17), eurocidinolide A (18) and eurocidinolide (19), are polyhydroxylated 
macrocyclic lactone rings with five conjugated double bonds. There are three 
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OH OH OH OH OH OH 
~ 
0 
(16) R = H 
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OH 
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sub-groups in this class of antibiotics, characterized by the difference in their UV 
absorption spectra. The "typical" pentaenes, in which the polyene has no additional 
alkyl substituent, are the least characterized, and only eurocidin has been investigated in 
detail with only a partial structure having been proposed. Another sub-group contains a 
conjugated "car bony lpentaene chromophore", as in the case of mycoticin A (16) and 
mycoticin B (17). Finally, the third sub-group is the methylpentaenes such as filipin (9) 
and fungichromin (15). Their chromophores show, as a characteristic feature in their IR 
spectra, an absorption band at 850 cm- 1 due to the presence of a trisubstituted double 
bond. 
9 
The pentaenes normally contain mycosamine as their aminosugar, although in 
contrast with the other polyenes several members in this sub-group, as represented by 
filipin (9), fungichromin (15), mycoticin A (16) and mycoticin B (17) do not carry any 
aminosugar. Like the tetraenes, the pentaene chromophore is all-trans. 
Hexaenes, which are poorly defined chemically and are rare among the polyene 
macrolides, may be represented by flavacid, mediocidin and dermostatin A (20). These 
are polyhydroxylated macrocyclic lactones with six conjugated double bonds. 
Dermostatin A (20), the only compound of this group for which the structure has been 
elucidated, has a conjugated hexaene-lactone chromophore. The antibiotics of this group 
possess a,w-disubstituted all-trans hexaene chromophores. 
OH OH OH OH OH OH OH 
(20) 
H eptaenes, the largest polyene macrolide antibiotic group, represented by 
amphotericin B (8), candidin (21), candicidin D (22), are polyhydroxylated macrocyclic 
lactones with seven conjugated double bonds. Most of them also contain keto and 
carboxyl groups. 
OH 
(21) 
1 0 
OH 
(22) 
The heptaenes can be classified into two sub-groups based on the presence or 
absence of an aromatic moiety. The non-aromatic sub-group as represented by 
amphotercin B (8) and candidin (21), has fewer members than the aromatic sub-group. 
The aromatic sub-group can be divided further into heptaenes containing within their 
structures a side chain of p-aminoacetophenone or N-methyl-p-aminoacetophenone. For 
example, candicidin D (22), is a heptaene which carries a p-aminoacetophenone side 
chain, while perimycin (23) 15 bears a N-methyl-p-aminoacetophenone moiety. 
CH,CH,CH(OH)CH,co-0-NHMe 
Me 
MeHC 
0 
OH 0 OH OH OH OH 0 
(23) 
~H2 OH 
OH OH 
OH 
Except in the case of perimycin (23), mycosamine is the attached aminosugar in all 
of the heptaene antibiotics. Perimycin contains perosamine as its arninosugar. The 
chromophore in this group is all-trans heptaene. 
It is noteworthy that there are, however, difficulties in classifying polyene antibiotics 
.. 
I 
I 
: 
1 1 
as these compounds are extraordinarily difficult to obtain in pure form. Hence the data 
obtained from these compounds may not apply to a sole pure substance. For instance, 
filipin (9) consists of at least eight compounds, nystatin (7) is comprised of three 
fractions (Ai, A2, A3); and there are five fractions in candidin (21 ). 16 
Apart from the differences in their UV absorption spectra, a second way of 
classifying the polyene macrolide antibiotics is the possession or lack of a glycosidically 
linked carbohydrate. There are two unique aminosugars, mycosamine and perosamine, 
which have been described so far as components in most of the polyene macrolides. 
Mycosamine (3-amino-3,6-dideoxy-D-mannopyranose) is the aminosugar component 
of most polyenes, and its structure and stereochemistry were determined by 
Dutcher. 17,18 The sugar unit is attached by a /3-glycosidic bond to the aglycone. 
Perosamine (4-amino-4,6-dideoxy-D-mannopyranose), the aminosugar of perimycin, is 
an isomer of mycosamine. 15 There are several polyenes that do not contain an 
aminosugar, most of which belong to the methylpentaene and carbonylpentaene 
sub-groups. 
Based on their physical properties, polyenes can also be classified as acidic, basic, 
amphoteric or non-ionic compounds. For example amphotericin B (8), candicidin, 
candidin (21), nystatin (7), pimaricin (13) and rimocidin (10) possess one basic and one 
acidic group and are classified as amphoteric compounds. While chromin and flavacid 
are acidic antibiotics, capacidin and eurotin A belong to the basic group. Since filipin (9) 
and fungichromin (15) do not contain any carboxylic or basic groups in their molecules, 
· they are non-ionic compounds. 
In contrast with the non-polyene macrolide antibiotics, only two dimensional 
structures have been established for most compounds of the polyene macrolide group. 
The only compound for which the complete absolute configuration is known is the 
12 
heptaene amphotericin B. X-ray analysis 19 of its N-iodoacetyl derivative provided 
relative stereochemistry, from which the absolute configuration followed since that of 
the attached aminosugar, mycosamine, was already known. The complete absolute 
configuration of amphotericin B, together with the chirality designations for its 19 chiral 
carbon centres is as shown. 
~ ~ ~ 
OH OH 
- -
= = 
~ 
-
-
-
-OH 
~ 
OH 
-
= 
OH 
)____ /~2 
9~o~'OH 
s· 
C-atom 3 5 8 9 11 13 15 16 17 19 34 35 36 37 1' 2' 3' 4' 5' 
C.I.P. designation R R RR s R s R s R s R R s s s s R s 
It has been also found that most of the polyene antibiotics exist in a 6-membered 
cyclic hemiacetal form,20,21 as has been represented in the above structures of nystatin 
(7), amphotericin B (8), rimocidin (10), tetrin A (11), tetrin B (12), pimaricin (13) and 
lucensomycin (14). 
1.2 Biosynthesis of Polyene Macrolide Antibiotics14 
Biosynthetic studies of the macrolide ring suggested that it was formed basically 
from the condensation of acetate and propionate units via the polyketide pathway. Birch 
et al.22 suggested that nystatinolide, the aglycone of nystatin, was synthesized by 
condensation of three propionate and sixteen acetate units (Figure 1). The aglycone of 
lucensomycin arises from two propionate and twelve acetate units;23 there are three 
propionate and sixteen acetate units in amphotericin B.24 The term "polyketide 
13 
pathway" was introduced to indicate the formation of a /3-polyketo chain by 
condensation of acetate units. Such a process is involved in the biosynthesis of a large 
number of plant and microbial metabolites.25-27 
nystatin 
lucensomycin 
filipin 
Figure 2 Building units of some polyene macrolide antibiotics. - indicates the acetate units, 
and _/ indicates the propionate units. 
1.3 Biological Activities of Polyene Macrolide Antibiotics13 
Biologically all of the polyene macrolide antibiotics have in common a very 
pronounced activity against yeasts and fungi, and no significant antibacterial properties. 
Antiprotozoal activity has also been found for most of the polyenes tested. Different 
14 
polyenes exhibit different antifungal activities. The lower molecular weight polyenes 
without sugar moieties are broadly inhibitory but require relatively high concentrations. 
The tetraenes and the heptaenes which contain mycosamine as a substituent are 
inhibitory at concentrations about one-third to one-tenth that of the lower molecular 
weight polyenes, whereas the heptaenes that contain an aromatic substituent together 
with an aminosugar are the most active on a weight basis. Among polyene macrolide 
antibiotics, nystatin and amphotericin B are clinically the most widely used. 
The site of action has been established as the cell membrane, and activity has been 
shown to involve the binding of the polyene to this sterol-containing material. The 
rearrangement of, or damage done to, this structure leads to change in ion permeability 
and ultimately to metabolic failure and loss of viability of the organism. 
The principle uses of nystatin are as a topically applied agent against superficial 
mycoses such as candidiasis and vaginal trichomoniasis. In the case of amphotericin B, 
it is mainly used as a therapeutic agent for the treatment of systematic mycoses such as 
blastomycosis and cryptococcosis. 
Nystatin has also been used in the laboratory for the control of fungal contaminants 
in tissue culture studies, while amphotericin B is used together with antibacterial 
antibiotics to isolate cells or viruses from naturally infected tissue. 
2 . NYSTATIN 
In 1950,28 Drs Elizabeth Lee Hazen and Rachael Brown of the Division of 
Laboratories, New York State Department of Health, in Albany, reported the discovery 
of an antibiotic from the culture of an organism, that had remarkable antifungal activity. 
The organism was obtained from a soil sample which Hazen picked up from Walter B. 
.. 
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Nourse's farm in Virginia and they named this organism Streptomyces noursei. Initially 
Hazen and Brown called the antibiotic "fungicidin", but later when they found this name 
had been used for another preparation, they renamed the compound "nystatin" for New 
York State. It was the Squibb Institute that successfully applied nystatin to human uses. 
Nystatin is a light yellow to yellow crystalline powder with a faint, characteristic 
musty odour, slightly hygroscopic and light- sensitive. It is practically insoluble at room 
temperature in water and common non-polar solvents, sparingly soluble in lower 
aliphatic alcohols, and readily soluble in formamide, N,N-dimethylformamide, 
dimethylsulfoxide, pyridine, ethylene glycol and propylene glycol. Solutions and 
suspensions of nystatin in water, lower alcohols, highly alkaline and acid media (e .g. , 
glacial acetic acid, 0.05 N methanolic HCl or NaOH) are rapidly inactivated soon after 
preparation. 
Nevertheless, in 1954 the company of Squibb & Sons successfully marketed 
nystatin for clinical use in antifungal therapy. Prior to this time there existed no 
clinically effective antifungal antibiotic. The major present clinical use of nystatin is in 
antifungal and antiyeast therapy .29 ,30 It has also been used in the treatment of 
hypercholesterolemia, prostatic hypertrophy and obesity.31 
2 .1 Previous Work 
2 .1.1 The structure of nystatin 
The isolation28,32 and physical characterization 30 of nystatin were described in 
1953, while the structure17 and stereochemistry 18 of mycosamine, its aminosugar 
moiety, were elucidated in 1963. Accumulated analytical data30 indicated a composition 
in the range C46_47H73_75NO18 for nystatin. The UV absorption spectrum of nystatin 
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shows three well-resolved absorption bands at A,Aroax 318, 304 and 290 nm which 
correspond to a tetraene chromophore and also another absorption band at shorter 
wavelength which does not result from the tetraene. Hydrogenation of nystatin required 
six equivalents of hydrogen, and nystatin therefore consists of a tetraene and a diene 
chromophore in addition to lactone, carboxyl and polyhydroxyl functionalities that are 
visible in the IR spectrum. 
Biosynthetic studies of nystatin22 suggested that the aglycone of nystatin was 
derived from three propionate and sixteen acetate units, and that one of the acetate units 
was the "primer" unit from which the chain extended. The study also showed that the 
carboxyl group in fact arose from biological oxidation of the methyl group of one 
propionate unit, while the lactone carbon was originally an acetate carboxyl. 
Biosynthetic studies as well as degradation studies of [2- 14C] and [3- 14C]-propionate 
labelled nystatin suggested the skeletons (24) and (25) were the partial structures of 
nystatin.22 
Me Me 
I I 
MeC-C-C-C-C(C-C)6C-C-I 
0 
I 
(24) 
(25) 
(either x or y = 0) 
Further chemical evidence33 was obtained by oxidation of nystatin with ozone or 
lead tetraacetate followed by steam distillation to afford tiglic aldehyde (26), indicating 
that the skeleton carried a 1,2-diol system. Oxidation of perhydronystatin with nitric 
17 
acid yielded 2-methylheptadecanedioic acid (27). Hence, production of the diacid (27) 
Me 
I 
MeCH=CCHO 
(26) (27) 
must involve prior hydrogenolysis of a tertiary alcohol allylic to either the diene or the 
tetraene chromophore (28). Since succinic acid was the product obtained from nitric 
acid oxidation of nystatin itself, the chromophores of nystatin must be separated by two 
adjacent methylene groups. This permitted expansion of the partial structure from (24) 
to (28). 
Me Me 
I I 
MeCHCHCH-C-(CH=CH)i or 4CH2CH2(CH=CH)4 or 2 C-
l I I 
0 OHOH 
I 
(28) 
The orientation of the diene and the tetraene function has been established by 
reacting nystatin with aqueous alkali. The UV absorption of the resulting product 
indicated the presence of a diene and a pentaenal chromophore, and accordingly, the 
structure of the pentaenal was elucidated as (29). 
Me Me 
I I 
Me1HcH1H1-(CH=CH)iCH2CH2-(CH=CH)4-CH=CHCHO 
OH OHOH 
(29) 
Hydrogenation of the pentaenal (29) over platinum yielded a diol, C24H50o2 and a 
' 
triol, C24H50o3, which were separated by chromatography. 
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Oxidation of the C24-triol with chromium trioxide afforded an acid, C24H460 4. The 
IR spectrum of the acid indicated the presence of hydroxyl and keto groups. Subsequent 
treatment of the acid with hot alkali yielded ethyl methyl ketone, indicating a 
1,3-relationship of the hydroxyl and keto functionalities. These results suggested the 
structure of the C24-triol to be (30) and the C24-acid to be (31). 
Me Me 
I I 
Me1HcH7HCH(CHi)16CH2OH 
OH OH 
(30) 
Me Me 
I I 
Me~cH1HCH(CHi) 16COOH 
0 OH 
(31) 
Subsequent hydrogenation of the pentaenal (29) over palladised charcoal, and 
reduction with sodium borohydride gave a product that was suggested to be the tetraol 
(32) by lead tetraacetate oxidation of (29) to give tiglic aldehyde (26). 
Me Me 
I I 
MerHCH7H-s-(CHi)16CH2OH 
OH OHOH 
(32) 
Apparently, reduction of the polyene system over the active platinum catalyst had 
also resulted in hydrogenolysis of a tertiary hydroxyl group to yield the triol (30), 
while further hydrogenolysis of the primary allylic alcohol gave rise to the diol (33). 
-I 
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Me Me 
I I 
MeCHCHCH-CH(CHz) 16CH3 I I 
OH OH 
(33) 
These results, in conjunction with the biosynthetic evidence22 suggested the 
tentative partial structure (34) for nystatin. 
Me Me 
I I 
CHCHCH-C--(CH=CH)2CH2CH2(CH=CH)4 --CHOH 
I 6H6H I CH2 
o I 
I / ?02H ?HOH 
~ C (C6,H11-1303)-CHCH2CHCHCHCH2C -CH2 
o I I I II 
OH OH OH 0 
HO 
(34) 
In 1967, Djerassi et al. 34 subjected nystatin to high pressure hydrogenation over 
5% palladium on alumina in glacial acetic acid, followed by esterification with 
diazomethane. This gave a mixture of products from which repeated column 
chromatography allowed separation of seven methyl esters (35-41). All the esters 
were identified by a combination of IR, NMR and MS spectroscopy. 
The dicarboxylic acid ester (39) required the location of the secondary carboxyl 
group at C-16 while structures (36), (37), (38), (40), and (41) necessitated the 
presence of oxygen functions at C-7, 10, 13, and 17. 
-20 
Me Me 
CH3CH26HCH2bH(CH2b0CH2CH2CO2Me (35) M+ = 606 
(36) M+ = 620 
(37) M+ = 620 
(38) M+ = 620 
(39) M+ = 664 
(40) M+ = 678 
(41) M+ = 678 
Isolation of the diol acetal ( 42) on successive treatment of nystatin with periodic 
acid, alkaline hydrolysis and diazomethane established another three oxygen functions 
at C-3, 5 and 11. The presence of the system -CHOH-CH2CO-CH2-CHOH was 
0 OH OH 0---<"- OMe 
Meo 
(42) 
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inferred by the isolation of acetone on alkaline treatment of nystatin and logically 
positioned a keto group at C-13 and two hydroxyls at C-11 and C-15. This evidence 
together with the C-6 carbon skeleton of mycosamine led to the proposal of a C-47 
carbon skeleton ( 43) as the structure of nystatinolide. 
OH 
OH 
(43) 
Further evidence, obtained by Rickards and Manwaring35 in 1969, from the study 
of mass spectroscopy of trimethylsilyl derivatives of N-acetyl nystatin and N-acetyl 
nystatin methyl ester in conjunction with analytical and chemical data, established the 
molecular formula as C47H75NO 18 . This formula necessitates deletion from the 
proposed nystatinolide structure (43; R = OH) of one hydroxyl group at C-34 to give 
the structure ( 43; R = H). 
The evidence for the presence of the 34, 35-diol system in nystatinolide ( 43; R = 
OH) was the reaction of nystatin with lead tetraacetate to yield tiglic aldehyde 
(MeCH=CMeCHO) after subsequent ,B-elimination of the lactone. This cleavage in 
fact arose from fragmentation of the homoallylic alcohol system as in structure (43, R 
= H). This was confirmed by the same reaction which failed on perhydronystatin 
prepared by hydrogenation over palladised charcoal. These conditions are unlikely to 
cause hydrogenolysis of an allylic 34-hydroxyl if it is present. Hence this suggested 
that ny tatin carried hydrogen, not a hydroxyl function at C-34. 
I 
i 
I 
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The complete structure (without regard to stereochemistry) of nystatin as in 
structure (7) was reported in 1970 by Rickards and Chong.36 The position of 
mycosarnine was located by further chemical evidence that oxidation of nystatin with 
manganese dioxide affected no change in the chromophore, indicating that there was 
no free allylic hydroxyl group in the nystatin molecule. Further evidence for the 
glycosidic linkage at C-19 was obtained by hydrogenation of nystatin over platinum 
oxide or palladised barium sulfate to give mycosamine. In this reaction, the sugar was 
obtained by hydrogenolysis, and such a result is only possible when the glycosidic 
linkage is in the allylic position. 
In this report, Rickards and Chong36 also established the pyranose nature of the 
mycosamine ring by subjecting the antibiotic to N-acetylation, reduction of the keto 
function with sodium borohydride and permethylation. Acidic methanolysis of the 
resulting product gave a-methyl-N-acetyl-2,4-dimethylmycosaminide ( 44). The 
structure of (44) was confirmed by comparing the IR and NMR spectra of (44) with 
those of an authentic sample. 
NHAc 
MeOnOMe 
MeO O Me 
(44) 
The fact that the lactone ring of nystatin was closed at C-37 was further 
confirmed36 by degradation of nystatin by ozone and sodium periodate in aqueous 
methanol to give the triol ( 45). 
CHO 
HO 0 OH OH o-~OMe 
0 
(45) 
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By analogy with the X-ray crystal structure of the N-iodoacetyl derivative of 
amphotericin B, nystatin possibly exists in the hemiacetal form, and its complete 
structure was thus established as (7).36 
HO~OH 
o~o~ 
OH 
(7) 
In 1971, Borowski et al.37 reported the full structure of nystatin A 1 as (46) with 
the location of mycosamine, which was fully in agreement with the previous work by 
Rickards et al.36 The structure elucidation was based on further degradative chemistry 
and mass spectroscopy. Interestingly, the evidence that established that mycosamine 
was in fact attached glycosidically at the allylic C-19 centre (structure ( 46)) was the 
degradation sequences which led to compounds (47) and (48). 
Compound (47), obtained from the reaction sequence (a), contains vicinal 
hydroxyl groups at C-9 and C-10 which survived periodate treatment, due to the 
protection of the oxygen function at C-19 of (46) (the hydroxyl group at C-9 of ( 47)) 
by the acetal remaining after periodate degradation of mycosamine. Mild treatment of 
the acetal with acid, followed by further periodate oxidation as in reaction sequence 
(b), enabled cleavage of the vicinal hydroxyl groups at C-9 and C-10 g1v1ng 
compound (48). 
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a-\ 
~ ~ ~ ~ o~I 
OH OH 
OH 
0 C02H 
0 OH OH OH 0 OH 
(46) 
/. ~ 
(47) (48) 
a) i, 0 3; ii, HifPd; iii, NaBH4; iv, NaI04; v, LiAlH4 
b) i, 0 3; ii, H2/Pd; iii, NaBH4; iv, NaI04; v, H3 +o; vi, NaI04 ; vii, LiAlH4 
Rickards and Chong20 subsequently found from ORD studies that nystatin and 
several other polyene macrolide antibiotics existed in the cyclic hemiacetal form. 
Present knowledge therefore establishes that nystatin has the structure (7), without 
regard to its stereochemistry. 
2 .1.2 Previous stereochemical studies on nystatin 
As described earlier, the structure and stereochemistry of mycosamine were 
elucidated in 1963 by Dutcher et al. 17,18 The absolute configurations at C-34 to C-37 
of nystatinolide have been established by Rickards and Chong in 1972. 38 This work 
was first undertaken by Rickards and Manwaring using the heptaenal ( 49) as a model 
compound. The relative configurations at C-4, C-5 and C-6 of the 1,3-dioxane ( 49a) 
(i.e., C-35, C-36 and C-37 of nystatin) were established by the 1H NMR studies of 
( 49a) in comparison to simpler 1,3-dioxanes of known s tereochemis try. It was 
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concluded that the configurations at C-35, C-36 and C-37 were either S :S :R or 
R :R:S.39 
Me Me 
I I 
MeCHCHCHCH-(CH=CH)iCHi)r(CH=CH)5CHO I I 
~ 
(49) 
H 
(49a) 
The absolute configuration at C-34 of nystatin was established by subjecting 
perhydronystatin and perhydroamphotericin B to nitric acid oxidation, both reactions 
giving 2-methylheptadecanedioic acid (27) as the product. The acid (27) obtained from 
both perhydronystatin and perhydroamphotericin B had the same optical activity, thus 
they both have the same configuration at C-34. Since the absolute configuration at 
C-34 of perhydroamphotericin B has been established as S,38 therefore the absolute 
configuration of nystatin at this centre was assigned as S. 
(27) 
The absolute configurations at C-34, C-35, C-36 and C-37 were established 
utilizing the enal (50) which contains all the required asymmetric centres of nystatin. 
The enal (50) could be obtained from the retroaldol condensation of both 
perhydronystatin and perhydroamphotericin B. 
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Me Me 
I I 
Me1HcH1HCH(CH2) 14CH=CHCHO 
OH OH 
(50) 
The enal (50) derived from perhydronystatin, exhibited identical melting point, Rf, 
IR, NMR and MS to those obtained from the enal (50) derived from 
perhydroamphotericin B. Moreover, the two aldehydes gave identical positive plain 
dispersion curves over the range 250-600 nm indicating that they were the same 
optical isomer. Since the absolute configuration of amphotericin B19 has been 
established, the absolute configurations at C-34 to C-37 of nystatin were assigned as 
S:R :R :S, respectively. 
In 1973, Borowski et al.40 established that the configurations at C-34 to C-37 of 
nystatin were the same as those of amphotericin B by 1 H NMR studies of 
1,5-dimethoxy-2,4-dimethylhexan-3-ol (51 ), derived from both nystatin and 
amphotericin B using Eu(dipivaloylmethane)3. The results obtained were consistent 
with those from the X-ray analysis of amphotericin B and with those of Rickards.38 
Meo OMe 
(51) 
In 1982, Brooks et al.41 reported an asymmetric synthesis of the triacetate (52) 
containing the C-33 to C-37 fragment of both nystatin (7) and amphotericin B (8). 1H 
Nl\.1R and 13C Nl\.1R spectra and specific rotations of the synthetic acetate (52) were 
identical to the natural triacetate (52) obtained from both amphotericin B and nystatin. 
Since the absolute configuration of amphotericin B has been established, the absolute 
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configurations at these four centres of nystatin followed, and was in agreement with 
the results described above. 
Ac0 OAc 
(52) 
A summary of previous work which led to the establishment of the relative 
configuration at C-3 and C-5 of nystatin will be presented later to facilitate further 
discussion of our subsequent studies. 
2.2 The Aim of Present Work 
The structure of nystatin contains nineteen asymmetric centres, nine of which 
(C-34, C-35, C-36, C-37 and those in the sugar mycosamine) have been defined by 
previous work. In view of the clinical importance of nystatin, we commenced 
examination of the remaining chiral centres by using a combination of advanced 
instrumentation, degradative chemistry and enantiospecific synthesis. 
2 .3 Present Work 
Further stereochemical studies at C-3, C-5 and C-7 of nystatin have been 
approached by treatment of the antibiotic with periodic acid in aqueous methanol, then 
alkaline methanolysis to give the dihydroxy esters (41a,b) containing the C-1 to C-10 
segment. The configurations at C-3 and C-5 were assigned as either both R or both S 
by 1H NMR studies of the cyclic sulfite derivative (53) of the esters (41a,b). By 
comparison of the ORD curve of the esters (41a,b) with the esters (54a, 54b), derived 
from amphotericin B and with literature data,42 it was concluded that the absolute 
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configurations at C-3 and C-5 of the esters (4la,b) and of nystatin were R. 
MeO 
(53) 
Confirmation of the above configurational conclusion as well as establishment of 
the configuration at C-7 have been achieved by the enantiospecific synthesis of the 
enantiomers of the esters (41a,b) and (54a,b), that derived from nystatin and 
amphotericin B, respectively. This synthesis involves an iterative synthesis of 
extended chiral /3-polyol systems of the type which form characteristic segments of 
such macrolides. In this sequence, chirality derived initially from (S )-glutamic acid is 
relayed successively to the secondary hydroxyl functions of the resulting esters. 
OH 
J___ /~2 
o~o~'oH 
5' 
nystatin 
OMe 
Meo 
(237a,b) 
OMe 
(S)-glutamic acid 
Meo 
(238a,b) 
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2.4 A Note on the Purity of Nystatin 
For many years after its discovery, nystatin was regarded as a single homogeneous 
compound, and a large number of chemical and biological studies with this material 
were made. In 1968,43 however, nystatin was found to be a 4: 1 mixture of two 
compounds, nystatin A1 and A2. Both of them were tetraenes containing the same 
sugar, mycosamine. In 1974, 16 Mechlinski and Schaffner used high speed liquid 
chromatography to separate nystatin samples, and a third component of nystatin 
containing a heptaene chromophore was separated. In 1981, Thomas et al.44 used thin 
layer chromatography to demonstrate that the main component in the majority of the 
nystatin samples obtained from different manufacturers in the world was nystatin A1. 
However, seven particular samples of nystatin were shown to be complex mixtures in 
which nystatin A1 was a minor component. These results were confirmed using high 
performance liquid chromatography; this revealed that the majority of the nystatin 
samples contained 55-75% of nystatin Ai, although two samples contained only 
3.5-12% of this component. The amount of the heptaene in nystatin samples was 
found to range from 0.5 to 2.0%. In 1982, further examination of samples of nystatin 
was performed by Thomas et al.45 Again this examination indicated that most of the 
samples contain one principle (nystatin A1) and two minor components. However, 
some of the samples were markedly heterogeneous compositions, consisting of as 
many as six compounds, and the major constituents in the atypical samples of nystatin 
were identified as nystatin A2, A3 and polyfungin B. Atypical samples of nystatin 
contain less than 12% of nystatin A1 and only they were found to give different results 
with the two assay organisms, Candida tropicalis and Streptomyces cerevisiae. The 
result obtained for atypical samples with C. tropicalis were always significantly lower 
than that with S. cerevisiae. Thomas et al.45 also claimed that the existing 
pharmacopoeial specification was inadequate to detect the wide differences in the 
composition of nystatin produced by different manufacturers. 
: 
I 
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Our work was carried out on material from the Squibb Institute for Medical 
Research, which was not one of the samples mentioned above. However, our sample 
should be identical to that used in previous structural work carried out in America, 
England and Australia by the groups at Stanford, Manchester and Canberra, 
respectively, since it came from the same source and was purified by the same 
procedure. (The origin of the nystatin used in Borowski's work is not known). The 
structure of the major nystatin component from this source is therefore fixed, i.e., 
nystatin A1 has structure (7). 
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CHAPTER 2 
DETERMINATION OF THE ABSOLUTE CONFIGURATION AT C-3 
AND C-5 OF NYSTATIN BY DEGRADATION 
1. INTRODUCTION 
The polyene macrolide antibiotic nystatin contains fourteen asymmetric centres in its 
aglycone, the C-1 to C-10 portion of which can be obtained by chemical degradation as 
OMe 
Meo 
(41) 
N.B. Numbering of the ester (41), used in the text, directly refers to that of nystatin. 
the hydroxy ester (41). This ester was chosen by Chong and Rickards38 as a compound 
which would permit the study of the configurations at C-3 and C-5 of nystatin. 
Conversion of the ester (41) into its corresponding 1,3-dioxane (55) or 
2-oxo-1,3,2-dioxathiane (53) derivatives would provide suitable compounds for NMR 
investigation of relative configuration due to their relative rigidity and preferred 
conformational nature. Furthermore, the chemical shifts and coupling constants of the 
protons at C-4 and C-6 in these cyclic compounds are usually quite distinct and 
diagnostic of the stereochemistry at these centres. 
OMe OMe 
Meo Meo 
(53) (55) 
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In the 1,3-dioxane (55), the chemical shifts of H-4 and H-6 coincided with the 
chemical shifts of the methine proton in the acetal ring giving rise to a complex signal 
between 8 3.80 and 8 4.20. No double irradiation was carried out because double 
irradiation of the resonance corresponding to the methylene protons between H-4 and 
the carbomethoxyl group might not simplify the complex signal between 8 3.80 and 8 
4.20 sufficiently for a first order analysis. H-6 would still be coupled to the four 
adjacent methylene protons and there would be interference from the signals due to H-4 
and the methine proton of the acetal ring. Nevertheless, the relative configurations at 
C-3 and C-5 of nystatin were suggested by Chong to be either both R or both S by 
I 
comparing the chemical shift range of H-4 and H-6 in the 1,3-dioxane (55) with the 
published data.46 
I 
In the 2-oxo-1,3,2-dioxathiane (53 ), H-4 and H-6 resonate in magnetically distinct 
environments away from the interfering resonances of the two methine protons on the 
tetrahydrofuran ring. It is therefore a superior derivative to the 1,3-dioxane (55) for 
stereochemical study. Preliminary 1H NMR studies of the hydroxy ester (41) and the 
sulfite (53) were carried out by Chong at 100 MHz. From spectra at this field strength 
Chong concluded that these compounds existed only as a single diastereomer, in which 
the anomeric centre of the tetrahydrofuran ring existed as a single epimer. Studies by 
the present author at 200 MHz, however, showed that the ester (41) and all its 
derivatives were, in fact, 1: 1 mixtures of two diastereomers, arising as expected from 
stereochemical inhomogenity at the anomeric carbon. In order to acknowledge this fact, 
the ester (41) will henceforth be referred to as the esters (41a,b). The spectrum of the 
sulfite (53) was studied and compared to the model synthetic compound, 
(±)-4-methyl-2-oxo-1,3,2-dioxathiane (56). 
(56) 
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This chapter deals with the definition of the absolute configuration at C-3, C-5 and 
C-7 of nystatin by degradative chemistry. The first part of the chapter discusses the 
degradation ofnystatin to give the dihydroxy esters (41a,b) containing the C-1 to C-10 
segment. The second part deals with the determination of the relative configurations at 
C-3 and C-5 of nystatin, and involves the synthesis and the 1H NMR studies of the 
cyclic sulfite derivatives (53) and (56). The assignment of the absolute configurations at 
C-3 and C-5 of nystatin by ORD experiments on the sulfites (53), (62), (63) and (64) 
and the 3-hydroxy esters (4la,b) and (54a,b) will be discussed in the third part of this 
chapter. The last part of this chapter describes an attempt to establish the configuration 
at C-7 of the dihydroxy esters ( 41 a,b) and of nystatin. 
2. RESULTS AND DISCUSSION 
2 .1 Degradation of Nystatin 
Nystatin was degraded by Chong38 using periodic acid in aqueous methanol. After 
alkaline hydrolysis and esterification of the resulting intermediate with diazomethane, 
the desired esters (4la,b) were obtained. A multiplet was observed in the 1H NMR 
spectrum of these esters at o 5.00 corresponding to the anomeric proton at C-10 (100 
11Hz); two singlets at o 3.67 and 3.30 were assigned to the methoxyl signals of the 
carbomethoxyl and the acetal groups, respectively. Three other sets of resonances at o 
4.60-3.80 (3(CHOR) + 2(OH)), 2.49 (d, J = 6.5 Hz, CHCHCOMe) and 1.40 (m, 
4(-CH2- )) were also observed. 
Cheng's reaction was repeated many times without yielding the esters ( 41 a,b ). It 
was found that freshly purified nystatin was required for this degradation. 
34 
With freshly purified nystatin, the degradation reaction was repeated. Study of the 
UV spectrum of the total crude material resulting from the initial periodic acid reaction 
indicated the conversion of the tetraene chromophore of nystatin, AA max 318, 304 and 
292 nm, to a triene A-Amax 284, 274, 264 nm. The 1H NMR spectrum of this crude 
material contained three methoxyl singlets at 8 3.25, 3.33 and 3.48. The first two 
singlets, at 8 3.25 and 3.33, were assigned to two methoxyl signals of an acetal moiety, 
but the assignment of the third signal was not immediately apparent. Signals at 8 4.92 
and 5.08, corresponding to the anomeric proton at C-10 of the esters (4la,b), were also 
observed. 
After alkaline methanolysis of the total crude material, the UV spectrum remained 
unchanged. The 1 H NMR spectrum, however, showed a new methoxyl signal 
corresponding to a carbomethoxyl group at 8 3. 71, indicating that the desired 
compounds (41a,b) was obtained by direct methanolysis of the lactone bond without the 
diazomethylation step being required. The esters (4la,b) could be isolated from the 
triene as a mixture of epimers at C-10 as indicated by 1 H NMR, in 26% overall yield 
from nystatin. The 1H NMR spectrum of the esters (41a,b) at 200 MHz was similar but 
not identical to that of Chong, at 100 MHz. Chong reported the resonances as a doublet 
at 8 2.49, a singlet at 8 3.30 and a multiplet at 8 5.00, corresponding to the methylene 
protons at C-2, the methoxyl signal of the acetal ring and the anomeric proton at C-10, 
respectively. In our hands, these signals were observed as two doublets of doublets at 
8 2.49 (J = 15.5, 4.4 Hz) and 8 2.55 (J = 15.5, 7.3 Hz), two singlets at 8 3.25 and 8 
3.30 and two doublets at 8 4.98 (J = 3.9 Hz) and 8 5.05 (J = 4.9 Hz), respectively. 
In order to examine the nature of the tetraene-triene conversion, the crude isolated 
triene was subjected to alkaline retroaldolization. The UV spectrum of the resulting 
product showed a maximum absorption at A 352 nm, corresponding to a tetraenal 
functionality. The structure of the tetraenal was assigned as (59), based on the previous 
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retroaldolization of nystatin itself to give the pentaenal such as (57),33 and the MS of the 
Me Me 
I I 
MeCHCHCHCH(CH=CH)2CH2CH2(CH=CH)4CH=CHCHO I I 
OH OH 
(57) 
tetraenal (59) which showed a molecular ion at m/z 402 corresponding to the molecular 
formula C25H38O4 . The MS indicated that a methanol molecule has been added into the 
terminal double bond of the tetraene chromophore, as indicated in compound (58). This 
was also supported by the fragment ion at m/z 178 which arose from the McLafferty 
rearrangement of the tetraenal functionality (Figure 3). High resolution mass 
spectroscopy at m/z 178 indicated an ion composition of C 11 H 14 0 2 
(CH3OCH=CHCH2(CH=CH)3CHQ+). Hence, the methoxyl signal at o 3.48 that was 
X 
HO 
y 
(58) 
OH X 
HO 
y 
(59) 
Y=OMe 
~ ~ ~ CHO 
OMe 
Figure 3 
CHO 
OH 
~ CHO 
M +4Q2 
... 
MeOCH=CHCHi(CH=CH)3CHO 
m/z 178 
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observed in the 1H N1vffi. spectrum of the crude product obtained from the periodate 
stage was assigned to the methoxyl signal of the triene (58). The tetraenal (59) was, 
however, very unstable, hence a clean 1 H N1vffi. spectrum of the compound could not 
be obtained. 
The methanol addition occurs in the periodate stage, and the regioselectivity is 
controlled by the steric and electronic effects of the sugar moiety. The steric hindrance 
of the sugar moiety, as well as the possible protonation of its amino group, forming a 
positive charge, cause protonation to occur at the less hindered end of the tetraene. The 
carbonium ion formed is stabilized by delocalization of the cation and the steric 
hindrance of the sugar moiety directs addition of the methanol molecule to occur at the 
less hindered side of the tetraene (Figure 4 ). Methanol addition might also occur at the 
other end of the tetraene to give, after retroaldol condensation, a triene, but this product 
was not detected. 
OR 
MeOH 
OR 
... product 
MeOH 
Figure 4 
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2.2 The Relative Configurations at C-3 and C-5 of Nystatin 
2-0xo-1,3,2-dioxathianes 
Cyclic sulfites possess substantial differences in chemical shifts and coupling 
constants between the axial and equatorial protons at C-4' and C-6'. Thus the 
2-oxo-1,3,2-dioxathiane (53) was considered to be a suitable compound for 1H NMR 
studies of the relative configurations at C-4' and C-6' of its sulfite ring and hence at C-3 
and C-5 of nystatin. Furthermore, unlike the 1,3-dioxane (55), these two chemical 
shifts were not obscured by overlap with the methine proton at C-2 of the acetal ring. 
The synthesis and 1H NMR studies of the sulfite (53) will be discussed in this section. 
OMe OMe 
MeO Meo 
(53) (55) 
2-Oxo-1,3,2-dioxathianes (cyclic sulfites)47-54 were reported to exist in two 
isomeric forms, i.e., with the S=O group located in axial or equatorial positions as in 
(60) and (61) respectively. These two isomers can be easily distinguished by their IR 
(60) 
R3 
0~ R4 
o:::::-.j/o s 
R5 
(61) 
spectra with an absorption in the region 1200-1185 cm-1 due to an axial S=O stretching 
and at 1250-1235 cm-1 due to an equatorial S=O group.49 It was also stated in this last 
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reference that the intermediate IR absorption value which earlier had been assigned to 
the S=O group of the twist conformations, is more likely to be due to the mixed 
C-C(-H) stretching vibration. Hence, substituted cyclic sulfite derivatives exist 
preferentially in a chair conformation with an axial or equatorial S=O group, or in a 
mixture of two interconverting chair forms. The parent compound, 2-oxo-
1,3,2-dioxathiane, and its 4-methyl and 5-methyl derivatives have been shown to exist 
predominantly in chair conformations with axially oriented S=O groups.49 An axial 
S=O group has been found to be about 15 kJ mo1-1 more stable than an equatorial S=O 
group.48 
Published NMR studies of these sulfites show the possibility of first order analysis 
of their proton spectra.47,5° Cyclic sulfites show large differences in the chemical shift 
and coupling constant values between the axial and the equatorial protons. It has been 
suggested that the chemical shift differences are due to the electric field effect and 
magnetic anisotropy of the S=O group.52 The shielding region of the S=O bond is 
shown in Figure 5, protons within the positive cone being shielded and those in the 
negative area deshielded. Cyclic sulfites are thus suitable compounds for the NMR 
determination of the relative configurations at C-4' and C-6' in the nystatin-derived 
sulfite (53). 
Figure 5 
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2 .2 .1 Synthesis of 2-oxo-1,3 ,2-dioxathianes 
Since cyclic sulfites exist in two isomeric forms as chair conformations with an axial 
or equatorial S=O orientation, it was for our purposes preferable to use reaction 
conditions which yield one isomer as the major product. Such conditions must also be 
sufficiently mild to be compatible with the highly substituted, acid sensitive compounds 
(41a,b). In order to establish the optimum reaction conditions for the synthesis of sulfite 
(53), the conversion of the model compound 1,3-butanediol to 4-methyl-
1,3,2-dioxathiane (56) was studied under various conditions. The results are shown in 
Table 1. 
Table 1: The synthesis of 4-methyl-2-oxo-1,3,2-dioxathiane from 1,3-butanediol 
Entry Reagent Sol ven t/basea Product ratio Total yield 
of sulfites (%) 
9~ o\P~ Y"-'CI S' S' 
N Cl 
0 
1 SOC12 Et:iO!Et3N 1 1 12 
2 SOC12 CHC13 50 1 59 
3 SOC12 CHCliEt3N 51 1 80 
4 SOC12 CHC13!C5H5N 99 1 88 
0 ;=:=:, N 5 N::::::"-. II CHC13 3 2 27 lJN-S-N~ 
a. Entries 1,3 anct 4 used the same ratio of base to substrate and all reactions were performed overnight. 
The results indicated that the reaction of 1,3-butanediol with thionyl chloride in 
chloroform in the presence of pyridine (entry 4) is the optimum way to synthesize a 
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single isomer of 4-methyl-2-oxo-1,3,2-dioxathiane. 
In 1982, Nikander55 and Cazaux56 independently reported the preparation of 
alkyl-substituted 2-oxo-1,3,2-dioxathiane derivatives. They claimed that the ratio of the 
axial to equatorial S=O isomers could be controlled by altering the ratio of base to 
substrate. When the pyridine-diol ratio was close to two, the mole fraction of equatorial 
S=O bond isomer decreased with increasing reaction time. When this ratio was equal to 
or greater than eight, the mole fraction of the above isomer was time-independent 
because the concentration of free hydrogen chloride was too low to cause equilibration. 
Moreover, besides pyridine, other amines were used. The efficiency of an amine and 
the proportion of S=O equatorial isomer depend on the pKa value: an amine with a 
higher pKa gives a higher proportion of the equatorial isomer. 
Our experimental results are, therefore, consistent with this literature since in the 
optimum conditions (entry 4), we used a mole ratio of pyridine to diol of two, and an 
overnight reaction and obtained the axial isomer as the major product. Although the 
conditions in entry 3, in which triethylamine was employed, gave similar results to the 
optimum reaction 4, it had the disadvantage that thionyl chloride had to be added at -60 
°ᗏC rather at O °C, or extensive decomposition was observed. At -60 °C, however, a 
heterogeneous reaction mixture was obtained. In entry 5 there is no acid present to 
equilibrate the two isomers, hence both were obtained in the ratio of 3:2 favouring the 
axial isomer. In entry 1, 1,3-dichlorobutane is obtained as a significant reaction 
product. This can be explained by the presence of the polar solvent, diethyl ether, which 
dissolves hydrogen chloride liberated from the reaction of thionyl chloride and alcohol. 
The reaction solution therefore contains a higher concentration of chloride ions which 
attacked the sulfite intermediate in an SN2 fashion to yield the corresponding dichloro 
compound. 
r 
I 
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Accordingly, the 2-oxo-1,3,2-dioxathiane (53) with axial S=O group was prepared 
from the esters (41a,b) under the optimum conditions (entry 4 in Table 1) as a 1:1 
mixture of diastereomers at the anomeric centre in 32% yield. However, a minor 
amount of the sulfite (53) with equatorial S=O bond was also observed. 
2 .2 .2 1H NMR Studies of 2-oxo-1,3,2-dioxathiane 
The IR and 1H NMR spectra of the model sulfite (56) were studied, and the results 
are in agreement with the literature values47,50 (Table 2). It was thereby confirmed that 
4-methyl-2-oxo-1,3,2-dioxathiane (56) exists predominantly in a chair conformation 
with an axially oriented S=O group. The analysis of the 1 H NMR spectrum of the 
sulfite (56) will be outlined at this point in order to depict its features to facilitate the 
subsequent discussion on the 1H NMR spectrum of the sulfite (53). 
The 200 MHz 1 H NMR spectrum of this sulfite exhibits eight lines, as a doublet of 
quartets, at 8 1.68 corresponding to H-5e with a geminal coupling constant (J se,sa) of 
14.0 Hz. The other coupling constants C1se,4a, Ise,6a, Ise,6e) are all similar, about 2.0 
Hz, leading to the quartet. H-5a appeared as sixteen lines representing four sets of 
H5a 
H6e 
0 
___ Pir-----..H
5
e 
/ 0 ! Me 
s/ Hsa 
II H4a 
0 
(56a) 
doublets of doublets at 8 2.20 with a geminal coupling constant (J sa,se) of 14.0 Hz; the 
other coupling constants are Isa 4a = 11.5 Hz, Isa 6a = 13.0 Hz and Isa 6e = 4.7 Hz. 
' ' ' 
Eight lines of the doublet of doublets of doublets at 8 3. 90 were assigned to H-6e with 
coupling constant values of 11.5 Hz due to the geminal coupling of H-6e and H-6a, 4. 7 
...... 
Table 2: Chemical shifts and coupling constants of 4-methyl-2-oxo-1 , 3 , 2-dioxathiane 
MHz 
Lit . 100 
45 
value 60 
Observed 200 
value 
2J 
5 
2J 
6 J J 4a4Me 4a5a 
-14 . 27 -11.54 6 . 3 11 . 6 4 
11 . 5 6 -14 . 28 -11 . 40 6 . 30 
-14 . 0 -11 . 5 6 . 4 11 • 5 
J4a5e 
2 . 40 
2 . 32 
2 . 2 
J5a6a 
12 . 92 
1 2 . 91 
13 . 0 
J5a6e 
4 . 76 
4 . 71 
4.7 
J5e6a 
2 . 39 
2 . 40 
2 . 2 
J5e6e 
1 • 87 
1 . 89 
2 . 0 
c5H4e 
c5H6e 
3 , 87 
3 . 90 
c5H4a c5H5e 
c5H6a c5H5a 
5 . 02 1 , 73 
4 . 87 2 . 1 2 
5.10 1.68 
4.98 2.20 
...... 
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and 2.0 Hz for the vicinal coupling between H-6e and H-5a, and H-6e and H-5e, 
respectively. H-6a resonated at 8 4.98 as eight lines of a doublet of doublets of doublets 
with coupling constant values of 11.5 Hz for J 6a 6e, 13.0 Hz for J 6a Sa and 2.4 Hz for 
' ' 
J6a,se· Finally H-4a showed a doublet of doublets of quartets at 8 5.10 with the quartet 
coupling constant equal to 6.4 Hz due to the methyl coupling with H-4a and the 
coupling constants of the doublets 11.5 and 2.2 Hz corresponding to J4a Sa and J4a Se 
' ' 
respectively (Figure 6). 
In a chair conformation with an axial S=O bond, the axial protons of the cyclic 
sulfite ring of (56) exhibit chemical shifts at lower field than the corresponding 
equatorial protons. Furthermore, the three bond coupling constants are significantly 
different in size in the order axial-axial > axial-equatorial > equatorial-equatorial. Thus 
the axial protons show larger coupling constants and greater bandwidths than the 
equatorial protons. Therefore, the orientations of H-4 and H-6 of cyclic sulfites are 
indicated by their chemical shifts, their coupling constants and their bandwidths, and 
thus the relative configurations at these two centres can be assigned. 
Accordingly, the spectroscopic properties of the sulfite (53) were studied and the 
results are as follows. The IR spectrum of the sulfite (53) showed absorption bands at 
1740 and 1196 cm-1 corresponding to stretching frequencies of the carbonyl of the 
carbomethoxyl group and of the axial S=O. These values are in agreement with those 
reported by Chong.38 The MS showed an fragment ion at m/z 277 consistent with the 
loss of a methoxyl group. 
The 1 H NMR spectrum exhibited a multiplet in the region of 8 1.40-2.20 
corresponding to eight protons: the two protons of C-5 ' of the sulfite ring, four 
methylene protons at C-3 and C-4 of the tetrahydrofuran ring and the methylene protons 
of the carbon that is between the tetrahydrofuran ring and C-6' of the sulfite ring. Two 
...... 
Figure 6 
1 H NMR spectrum of the cyclic sulfite (56a) in CDC13 
l~ s 
II 
0 
(56a) 
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doublets of doublets were observed at 8 2.55 (J = 15.6, 6.3 Hz) and 8 2.68 (J = 15.9, 
6.8 Hz) corresponding to the two methylene protons that are adjacent to the 
carbomethoxyl group. There were three sharp singlets at 8 3.32, 3.33 and 3.37 for the 
two anomeric methoxyl acetals and the methoxyl of the ester group. A multiplet 
corresponding to H-2 of the acetal ring appeared at 8 4.05-4.20. Two sets of doublets 
located at 8 4.91 (J = 3.9 Hz) and 5.01 (J = 5.1 Hz) correspond to the anomeric proton 
of the acetal moiety. H-4' and H-6' of the sulfite ring occurred as two separate 
multiplets at 8 5.29-5.45 and 5.10-5.25, respectively (Figure 7). 
0 
II 
s OMe 
0 o,,...2',o o, 5 
2 
Meo 4' 6' 3 
(53) 
The above assignments were confirmed by homonuclear-decoupling experiments 
illustrated in Figures 8-10. Irradiation of the methylene envelope at 8 l.99 (Figure 8) 
affected the region 5.29- 5.45 giving rise to a triplet at 8 5.40 (J = 6.4 Hz), and the 
region 5.10-5.25 became a broad singlet at 8 5.20. Two new singlets at 8 5.01 and 
4.91 (which Chong reported as a doublet38) corresponding to the anomeric protons of 
the acetal functionality, together with a broad singlet at 8 4.18 were observed.The broad 
singlet at 8 4.18, resulting from collapse of the former multiplet at 8 4.05-4.20, was 
assigned to H-2. The above phenomena occurred because double irradiation at 8 l.99 
saturated the protons at C-5', the methylene protons separating the two rings and the 
methylene protons at C-3 and C-4 of the acetal ring. The triplet at 8 5.40 was assigned 
to H-4' because of its coupling with the methylene protons adjacent to the 
carbomethoxyl group at 8 2.55 and 2.68, and the broad singlet at 8 5.20 is due to H-6'. 
Irradiation of the methylene protons adjacent to the ester group at 8 2.61 (Figure 9) 
affected the H-4' region giving a pattern similar to a doublet of doublets, at 8 5.37 (J = 
Figure 7 
1 H N1vfR spectrum of the cyclic sulfite (53a) in CDC13 
0 l,/0 
s OMe 
II 
0 
(53a) 
9 8 7 6 5 4 3 2 1 0 
Figure 8 
1H NMR spectrum of the cyclic sulfite (53a) in CDCI3 (irradiated at 81.99) 
0 {/o 
s OMe 
II 
0 
(53a) 
9 8 7 6 5 4 3 2 1 0 
Figure 9 
1H NMR spectrum of the cyclic sulfite (53a) in CDCl3 (irradiated at 8 2.61) 
0 {/o 
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II 
0 
(53a) 
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8.6, 3.4 Hz), indicating that H-4' was axially oriented. On the other hand, irradiation at 
8 5.40 (H-4') (Figure 10) collapsed the eight lines of two doublets of doublets to four 
lines of two doublets at 8 2.55 (J = 15. 7 Hz) and 8 2.68 (J = 15.9 Hz) (Figure 10). 
The above 1H NMR experiments showed that the chemical shift, coupling constants 
and bandwidth of H-4' are compatible with those of an axial proton. Irradiation of the 
methylene envelope at 81.99 affected the H-6' region but did not permit any coupling 
constants to be determined. Nevertheless, the chemical shift and bandwidth of H-6' also 
fall in the region corresponding to an axial proton. The cyclic sulfite (53) was therefore 
concluded to possess equatorial C-4' and C-6' substituents, thus they are cis-related as 
in structure (53a). Therefore the configurations at C-3 and C-5 of the esters (41a,b) and 
of nystatin are either R,R or S,S. 
0--Y 
!_,,,,,,,o 
s 
II 
0 
OMe or enantiomer 
0 
(53a) 
2.3 Absolute Configuration at C-3 and C-5 of Nystatin 
Optical rotatory dispersion (ORD) and circular dichroism (CD) are techniques that 
can be used to determine the absolute configuration of optically active compounds. 
These techniques measure the wavelength dependence of the ability of an optically 
active chromophore to rotate the plane of plane polarized light (ORD), and of the 
differential absorption of right and left circularly polarized light (CD). The physical 
basis of ORD and CD is the same and, in fact, they are merely two different ways of 
looking at the same interaction of polarized light with optically active molecules. 
Figure 10 
1 H NMR spectrum of the cyclic sulfite (53a) in CDCI3 (irradiated at 8 5.40) 
0 j/o 
s OMe 
II 
0 
(53a) 
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In our work, the chromophores give Cotton effects in the region near or below 200 
nm. Since the effective available range of the instrument used ends at 250 nm, reliable 
CD curves for these chromophores could not be obtained, and plain ORD curves above 
this wavelength were used. 
2 .3 .1 ORD study of 2-oxo-1,3 ,2-dioxathianes 
In an attempt to distinguish between the 3S, 5S and 3R, SR possibilities for the 
absolute configuration of the acetals (41a,b) and thus of nystatin (7) itself, we first 
planned to examine the optical rotatory dispersion behaviour of the sulfite (53a). Since 
the ORD spectra of cyclic sulfites have not previously been reported, we synthesized 
three optically active sulfites,( 4R)-4-methyl-2-oxo-1,3,2-dioxathine, (62), ( 4S)-4-
methyl-2-oxo-1,3,2-dioxathiane (63) and ( 4R ,6S)-4,6-dimethyl-2-oxo-1,3,2-
dioxathiane (64), from the corresponding commerically available optically active 
1,3-diols under the optimum conditions used for the sulfite (53a). The ORD curves of 
the above sulfites were recorded for comparison with that of the degradation product 
(53a). The results are summarized in Table 3. 
However, a firm conclusion about the absolute configuration of (53a) cannot be 
drawn at this stage due to the lack of suitable models. 
2.3.2 ORD study of 3-hydroxy esters 
In 1983, Hirama et al.42 reported that (3R)-hydroxy esters, prepared from Bakers' 
yeast reduction of 3-ketoesters, gave plain negative ORD curves. This prompted us to 
use the esters ( 4 la,b) to study the absolute configuration at C-3 of nystatin. Since the 
above 1H NMR experiments established the relative configuration of C-3 and C-5, the 
absolute configuration at C-5 will then follow. 
Table 3 
2-0xo-1,3,2-dioxathiane ORD curve 
/~ 
s/ plain negative 
II 
0 
(62) 
1-d 
s/ plain positive 
II 
0 (63) 
;V plain positive 
s/ I 
II (64) 0 
Me:2C11 plain negative I o OMe s/ 0 
II (53a) 0 
or enantiomer 
0 OH 
MeO~ 
(3R)-hydroxy ester 
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negative ORD curve 
The esters (41a,b) were subjected to ORD measurement, and a plain negative ORD 
curve resulted. Therefore, the esters ( 41 a,b) have the 3R configuration, provided that 
the C-10 acetal centre, which is a 1: 1 mixture of epimers, does not interfere. 
In order to study the influence of the methoxy tetrahydrofuran system on the ORD of 
the esters ( 41 a,b ), the esters (54a) and (54b) which possess similar structures to the 
esters (41a,b) were used. These acetals are epimeric and of unknown configuration at 
the acetal centres, but have R absolute configurations at C-3 and C-5. The esters (54a) 
and (54b) were obtained from the degradation of amphotericin B (8), using the same 
degradation procedure as for nystatin, and were separated by MPLC . 
. OMe 
MeO 
(54a, 54b) 
The ORD of these compounds gave surprising results :-
ester (54a) gave a strong plain negative ORD curve 
ester (54b) gave a weak plain positive ORD curve. 
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The results can be explained as follows. There are two chromophores in each of 
compounds (54a) and (54b) which give Cotton effects in the same UV region about 215 
nm, 
57 
and which cause plain dispersion curves above 250 nm. One of the two 
chromophores is the 3-hydroxy ester which has the common R configuration in both 
compounds. The other is the acetal chromophore which has either the R or the S 
configuration at C-8, and gives rise to either a positive or a negative ORD curve above 
250 nm. Therefore the strong negative ORD curve of (54a) results from a negative 
contribution from the (3R)-hydroxy ester chromophore and also a negative contribution 
from the acetal chromophore. On the other hand, the weak positive ORD curve of (54b) 
results from a similar negative contribution from the (3R)-hydroxy ester chromophore 
but a positive contribution from the acetal chromophore. Hence, a 1: 1 mixture of these 
two epimers would show a strong negative ORD curve due to their common 
(3R)-hydroxy ester chromophore with the contribution from the epimeric C-8 centres 
roughly cancelling each other. 
Therefore, the negative ORD curve resulting from the 1: 1 mixture of epimers 
(41a,b) from nystatin reflects primarily the configuration at C-3, which is thus R. The 
configuration at C-5 is accordingly also R, ((3R,5R)-(41a,b)). 
0 OH OH 0 - OMe 
-
- -
- -
- - 7 
MeO 3 5 
H 
(3R ,5R)-( 41 a, b) 
2.4 The Absolute Configuration at C-7 of Nystatin 
In an attempt to determine the absolute configuration at C-7 of nystatin, the 
dihydroxy lactone (65) which might be obtainable from the oxidation of the acetal 
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mixture (4la,b) was chosen. The dihydroxy lactone (65) contains a y-lactone 
' 
chromophore which should give rise to a first extremum Cotton effect around 240 
nm,57which should be visible superimposed upon the plain dispersion curve of the 
3-hydroxy ester in that region. 
0 OH OH 0 ~o 
-
- -
- -
- -
MeO 
H 
(65) 
In 1978, Grieco et al.58 reported the conversion in good yield, of acetals (66) into 
the corresponding lactones (67) with m-chloroperbenzoic acid and boron trifluoride 
(66) (67) 
etherate in dichloromethane. Before attempting this reaction on the acetals (41a,b), 
where the presence of other functional groups might cause complications, we first 
examined its application to the simple acetal (68). This acetal was prepared in good yield 
by the reduction of the corresponding lactone (69) with diisobutyl aluminium hydride in 
tetrahydrofuran, followed by acidic methanolysis of the resulting alcohol. The 
application of Grieco's procedure to this acetal (68) gave the lactone (69) in 80% yield. 
(68) (69) 
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The oxidation procedure was then applied to the acetal mixture (41a,b), but a 
severe mixture of products resulted. Clearly the additional functionalization of the 
acetals ( 41 a,b) caused complications, and the approach was not examined further. 
Accordingly, the configuration at C-7 was established by subsequent 
enantiospecific synthesis of the esters ( 41 a,b) which will be discussed in the chapters 4 
and 5. 
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CHAPTER 3 
STEREOCONTROLLED SYNTHESES OF 1,3-DIOL SYSTEMS 
1. INTRODUCTION 
The synthesis of enantiomerically pure polycyclic natural products, such as steroids, 
alkaloids and terpenes, rather than of their racemic forms has received increasing 
attention over the past decade. This trend has been brought about not only for the 
elucidation of fundamental processes involved in asymmetric synthesis but also by the 
structural requirements of some target molecules. In contrast to those polycyclic 
compounds, many other natural products are of a fundamentally different structure, 
basically acyclic in nature, as exemplified by the macrolide and ionophore antibiotics 
which feature in particular 1,3-diol units. Thus, approaches to the asymmetric 
construction of these basic diol units became a necessity. Once efficient methodologies 
are established, they can be applied to the synthesis of the target natural products. 
The first part of this chapter summarizes a number of reactions and strategies 
currently available for effecting acyclic stereocontrol, especially in 1,3-diol systems, 
and their applications to the syntheses of some natural products. The second part 
outlines a synthetic approach toward the C-1 to C-10 fragment of nystatin, carried out 
by the present author, in which such control is required. The following chapters ( 4 and 
5) will deal with the details of the synthesis of this fragment. 
There are three main methodologies for building chiral 1,3-diol systems: 1) 
asymmetric aldol reactions, 2) asymmetric epoxidation-ring opening sequences and 3) 
stereocontrol via cyclisation. 
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1.1 Asymmetric Aldo! Reactions59 
The asymmetric aldol reaction is applicable to the synthesis of 1,3-diol systems. The 
initial product is a 3-hydroxy aldehyde (reaction 4), subsequent addition reaction at or 
reduction of the aldehyde group giving a 1,3-diol system. 
RCHO RCH(OH)CH(Me)CHO 
-(4) 
In order to eliminate ambiguity in the discussion of the stereochemical 
consequences, the two descriptors Z (0) and E (0) have been used to describe enolates 
and are defined as follows. An enolate is classified as Z (0) if, when the top priority is 
arbitrarily conferred on the oxygen atom, this atom is cis with respect to the dominant 
substituent on the adjacent olefinic carbon. The E (0) descriptor defines similar 
E-enolates. The two descriptors are necessary because the enolates (70) and (71) give 
the same stereochemical outcome, the enolate (71) being an E-enolate in normal term but 
a Z (0) enolate under the present definition. 
~OU 
(70) z-enolate 
~Oli 
SMe 
(71) £-enolate 
but classified as z (0) enolate 
Asymmetric aldol reactions can be performed under various conditions, and the 
conformation of the transition state varies from case to case. Nevertheless, the 
stereochemical outcome of several aldol type reactions can be rationalised by using a 
chair-type pericyclic intermediate (72) which gives rise to the product (73).60 
(72) 
I 1 R2 R1/yy 
OH 0 
(73) 
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The relative stereochemistry of the new chiral centres, at C-2 and C-3, in the product 
can be controlled by using appropriate enolates and substrates.60 The control can be 
performed by altering the geometries of enolates , e.g., the Z (0) boron enolate (74) 
affords 2,3-syn, whereas the E (0) enolate (75) affords 2,3-anti relationships (reactions 
0 
~Al 
"'=(os] 
Al 
Q:::soTt 
... 
RCHO 
R'=SPh or (74): z (0) enolate 
cyclohexyl Q:::s = 9-borabicyclo-(3,3, 1 )-nonyl 
0 
~Al 
R'=S-t-Bu (75): E (0) enolate 
_5 
racemate 
stereoselectivity > 30: 1 
-6 
racemate 
stereoselectivity > 20: 1 
5 and 6). The 3,4-relationship is controlled by the approach of the enolate to the 
a(re)-face or /3(si)-face of the aldehyde. When the enolate attacks from the a-face, the 
3,4-relationship of the resulting product will be syn; on the other hand, when the 
enolate approaches the aldehyde from the /3-face, the product will exhibit a 3,4-anti 
H~ :::::::::-- 0 
,,; \ \. L H ._ --o... / 
. ---- ·-M 
Al A2 I 
H L 
Scheme 1 
l 
l . l A2 A1/~y2y 
OH 0 
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relationship (Scheme 1). The diastereofacial selectivity61 •62 depends on the chirality of 
both the aldehyde and of the enolate (reactions 7,8 and 9). 
-
+ (S)-(77) -= 
0 uro 0 
-(7) I + = I TMS OH 0 TMS 
(S)-(76) 
8 1 (matched pair) 
uro + (R)-(77) 0 + 0 
-(8) I I TMS TMS 
(mismatched pair) 
1 1.5 
(S)-(77) 
~Me 
OU 
= (R)-(77) = "=<xPh 
o 'Ph 
I O Me 
TMS I 
TMS 
+ (78) 
- -
- -
- -
+ ~R 
Me02C ~ n -(9) 
(S)-(78) 
(R)-(78) 
"'=<OUMe 
,XOTMS 0 
OU 
Me 
OH 0 
15 1 
1 10 
Upon combination of (SJ-(76) and (S)-(77) in reaction 7, both the aldehyde (S)-(76) 
and the enolate (S )-(77) favour the a-face of the aldehyde in the reaction, thus 
increasing the 3,4-stereoselection ( reaction between a matched pair). On the other hand, 
the reaction of (S )-(76) with (R )-(77) (a mismatched pair) would decrease the 
stereoselection (reaction 8). Nevertheless, if a chiral enolate, such as (78) possesses 
sufficiently high diastereofacial selectivity, the normally small selectivity of aldehydes 
can be easily overcome (reaction 9).63 
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In contrast to boron enolates, in lithium and magnesium enolates64 the metal ions 
exhibit a distinct tendency for coordination with oxygenated functional groups present 
in either the enolate itself or the reacting aldehyde. The stereochemical outcome of this 
coordination can be explained by the model (82), and the result is as illustrated by the 
reaction of an alkoxy aldehyde (79) with a lithium Z (0) enolate (80) to give the product 
(81) (reaction 10). 
-
R1 = 0 ~ + 
OU 
~R2 
OR H 
(79) (80) 0 
R2-<· 
:'V-
: 
0 
' ' 
' ' / : R 
: : I 
H Me 
(82) 
--10 
-
OR OH O 
(81) 
R1 
In the transition state (82), the lithium cation is coordinated with three oxygen atoms 
including that of the 3-alkoxy group. In order to minimize the interaction between 
substituent R2 of (80), and the two substituents at the C-3 and C-2 of (79), the enolate 
(80) is assumed to approach the aldehyde (79) from the a(re)-face. Transition state (82) 
should lead to the formation of the 2,3-syn-3,4-anti-4,5-syn product (81) (reaction 10). 
The Z (0) enolate is the required geometry for the synthesis of (81), and the direction of 
approach of the enolate to the aldehyde depends on the size of both R 1 in (79) and R 2 in 
(80) . In general, the Z:E ratio of the two geometrically differing enolates derived from 
an ethyl ketone with a lithium amide depends largely upon the size of the substituent 
group of the ketone as well as the basicity and steric bulk of the base used. 
Experimental results obtained from the use of various lithium amide bases on 
pentan-3-one and ethyl cyclohexyl ketone, two ketones which possess a small and a 
medium sized R2 group respectively, showed that in both cases, the Z:E ratio increases 
as the size of the substituents of the disilazide increases. Experimental results from the 
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reaction between these two geometrically pure Z-enolates with various aldehydes are 
consistent with the view that these reactions proceeded through the transition state (82). 
The interaction between the R2 group of the enolate with the substituent groups of the 
aldehyde, especially R 1, is very important. 
The above strategies have been applied to the enantiospecific synthesis of some 
macrolide antibiotics, e.g., 6-deoxy-erythronolide B (83),65 and ansamycin antibiotics, 
e.g., rifamycin S (84).66 
Meo,, 
I I 
0 
0 
0 
(83) (84) 
The retrosynthesis of 6-deoxyerythronolide B (83),65 an antibiotic belonging to the 
non-polyene macrolide group, is shown in Scheme 2. 
The retrosynthesis (Scheme 2) suggests the utilization of four aldol condensations. 
Aldol reaction I produces fragment A, while aldol reactions II and III complete the 
synthesis of fragment B. Finally, both fragments are combined via aldol reaction IV, the 
product from which is then lactonized to give 6-deoxyerythronolide B (83). It is 
noteworthy that aldol reactions I, II, and III are all concerned with the creation of 
2,3-syn stereochemistry, and it is therefore possible to achieve the synthesis by using 
appropriate chiral boron enolates as described earlier. 
56 
~" 
SR2 
OH OH 0 OH OH 0 
II Aldo! IV il 2,3-syn, 3,4-anti 
+ 
0 
\~SR2 
OH OH 0 
fragment A fragment B 
II Aldo! I il 2,3-syn II Aldo! Ill il 2,3-syn, 3,4-syn 
~H + YH R'~,~H + YSR2 
0 0 0 OH 0 0 
~ Aldo! II 
2,3-syn, 3,4-anti 
= = YH - -R1 = = H ~ + 
0 0 0 
(Scheme 2) 
The retrosynthesis of the ansa chain of rifamycin S (84),66 a well known antibiotic 
in the ansamycin family, is shown in Scheme 3. 
Retrosynthetically, after oxidation of the C-23 hydroxyl group in (85) to a ketone 
and hydration of the 18, 19-double bond, (86) can be dissected into two similar 
molecules. This provides two possible retrosyntheses of the ansa chain (85) (Scheme 
3). 
(84) 
Retrosynthesis 1 r"(ya 
R1O OMe H 
A 
57 
MeS 
+ 
OMe OAc 
y 
0 
B 
+ 
X 
(85) 
~ (86) 
0Y'Y7 
H OR 1 OR3 
+ 
A' C 
r"(ya y 0~ CO2Me Retrosynthesis 2 + + ~ + 
R1O OMe H H OR2 0 
A B C 
(Scheme 3) 
Experimentally, the synthesis of (85) has been achieved in 18 steps, with 30% 
overall yield and 80% overall stereoselectivity by using the units suggested by 
retrosynthesis 2. 
1.2 Asymmetric Epoxidation-Ring Opening Sequences 
The second methodology leading to the synthesis of 1,2- and 1,3-diol units is the 
asymmetric epoxidation-ring opening sequence (Scheme 4). 
D 
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RCHO .... 
/ 
Scheme 4 
One of the best known and the first practical method for asymmetric epoxidation of 
allylic alcohols is the Sharpless epoxidation.67,68 The reagents used in this system are 
( + )- or (-)-diethyl tartrate, titanium tetraisopropoxide and t-butylhydroperoxide. There 
are two fascinating features of this chiral epoxidation reaction. First, it gives very high 
asymmetric inductions (> 89% ee) with a wide range of substitution patterns in the 
allylic alcohol substrate. Secondly, by using a given tartrate enantiomer, the system 
generally delivers the epoxide oxygen from the same enantioface of the olefin without 
regard to the substitution pattern (Figure 11). 
D-( + )-diethyl tartrate 
. . 
:0 : 
\ 
:0 : 
L-(-)-diethyl tartrate 
(CH3)JCOOH, Ti(0 1Pr)4 
CH2Cl2 , -20 °C 
(Figure 11) 
OH 
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Moreover, this reagent is relatively insensitive to pre-existing chirality, the 
diastereofacial selectivity of the chiral titanium-tartrate catalyst being often sufficiently 
strong to override diastereofacial selectivities existing in the chiral olefinic substrate. 
The mechanistic problems raised by this catalyst, however, remain unsolved.69 In 
contrast to allylic alcohols, the reaction of homoallylic alcohols with this 
titanium-tartrate catalyst give poor selectivities (-23-50% ee ).70 
The products obtained from the asymmetric epoxidation, 2,3-epoxy alcohols, can be 
subjected to ring opening reactions to give 1,2- and 1,3-diol systems. A brief comment 
will be drawn at this point on the ring opening of epoxy alcohols which have been 
shown to be very versatile synthetic intermediates. The 2,3-epoxy alcohol (87) is in 
equilibrium with its corresponding 1 ,2-epoxy alcohol (88) under basic conditions, such 
conversion being known as the Payne rearrangement (Scheme 5). It has been reported 
that C-1 of compound (87) becomes the most reactive electrophilic site for a range 
-f-o 
0~ ->---.. 3 ~ ~OH 
"' '<.c!, y 
(87) 
Nu 
-L OH 
I O, f 
O~OH 
Nu 
OH· -f-o ,0 
o,-A~l 
Payne Rearrange - XH ' ( 
ment Nu 
-
(88) 
-l-o ~u 
O~OH 
OH 
-l-o 
O~OH 
OH 
82% 
/ OH 
':OA ~ 0 
-- T 7 
OH Nu 
stereoselectivity > 100: 1 
(Scheme 5) 
of nucleophiles after Payne rearrangement occurs.68 Under certain conditions it is also 
possible to direct nucleophiles selectively to either C-2 or C-3 (Scheme 5). Compound 
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(87) can be reduced at C-2 with metal hydrides, 1n particular sodium bis-
(methoxyethoxy) aluminium hydride (Red-Al), to give a 1,3-diol. 71 - 73 The 
regioselectivity is so high that the corresponding 1,2-diols are not observed. A more 
remarkable example of this selectivity is the reduction of 2,3,4,5-diepoxyalcohols with 
the same reducing agent. Thus, compounds (89) and (90) undergo clean double-ring 
opening with Red-Al to provide only one product, the 1,3,5-triols (91) and (92), 
respectively. 
~ : ,,, OH 
O' 
(89) 
(90) 
OH OH 
BnO J ' 
~OH 
(91) 
OH OH 
BnO~OH 
(92) 
The above knowledge has been applied to the synthesis of amphotericin B (Scheme 
6). 59 ,74 •75 Retrosynthesis of the aglycone (93) of amphotericin B dissects the 
compound into fragments A-1, A-2, B, C-1 and C-2 as indicated in Scheme 6. 
C-1 
OH 
C-2 
0 OH OH OH OH 0 
o\~/~\~ 
OH OH 
OH 
A-1 A-2 
(93) 
A-1 : BnO OH 
A-2: BnO~OH 
oxo 
61 
C02Me 
B : BnO~OH 
C-1 
C-2 
0 0 
I I 
-Si- -Si-
1 I 
-I -I 
0 
II 
(ROh P 
Et3Si0 OSiMe2t-Bu 
- -
- -
- -
~CHO 
(Scheme 6) 
The syntheses of these fragments have been published.59,74,75 The reaction 
sequences involve Wittig reactions, asymmetric epoxidations and ring opening reactions 
using the strategies mentioned above. An example described below is the synthesis of 
fragment B (Scheme 7).59 
BnO 
0 0 
I 
-Si-
-I-
(94) 
0 0 
I I 
-Si- -Si-
-1- -1-
fragment 8 
1) DIBAL-H 
2) Collins 
BnO 
3) Ph3P=CHC02 Et 
4) DIBAL-H 
OH 
2) HF, pyridine BnO 
(Scheme 7) 
0 
I 
-Si-
-I-
OH 
(95) 
1) Ti(OiPr)4/ 1BuOOH/(-)-DET 
2) Red-Al 
3) TBDMSCI 
4) KMn04-Na104 
COOH 
OSi 
0 6 
I I 
-Si- -Si-
-I- -1-
(96) 
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The synthesis began with reduction of the ester (94) with diisobutylaluminium 
hydride (DIBAL-H) to the corresponding alcohol which was then oxidised with 
Collins' reagent to yield the aldehyde. Subsequent treatment of the aldehyde with a 
Wittig reagent and then DIBAL-H reduction gave the allylic alcohol (95). Sharpless 
epoxidation of the alcohol (95), followed by reduction of the resulting product with 
Red-Al gave a 1,3-diol system. The diol was then protected as its silyl derivative, and 
subsequent oxidative cleavage of the double bond with KMnO4-NaIO4 gave the acid 
(96), which was then diazomethylated and selectively desilylated to give the target 
molecule, fragment B. 
The titanium-tartrate catalyst can be considered as an ideal catalyst for asymmetric 
epoxidation of allylic alcohols. For homoallylic alcohols, Mihelich 76 has reported that 
vanadium (IV) oxide bis (2,4-pentanedionate) / t-butylhydroperoxide (V5+rrBHP) is an 
effective reagent for epoxidation. The results are summarized in Table 6. 
The selectivity of this system (V5+; TBHP) (Table 6) depends upon the geometries 
of the double bonds, as well as their substituent groups. The proposed transition state 
for this epoxidation is a chair conformation as shown in Figure 12. Very high 
regiospecificity (>100:1) occurs when R 1= R4= Hand R3= R5= alkyl, which yields the 
most favoured transition state because of its low steric hindrance. 
Figure 12 
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Table 6: y 5+ I TBHP epoxidation of homoallylic alcohols 
Homoallylic alcohol Major epoxy alcohol Selectivity 
OH OH 0 
~ n-C6H13~R 24: 1 n-C6H13 R 
OH OH 0 1.4: 1 
~R n-C6H13~R n-CsH13 ~ 
OH OH 0 
~ yr > 400: 1 
OH OH 0 
Yr' ~ 2.1 : 1 , 
OH OH 0 
~ ~ 104: 1 ~ CsH13 ~ C5H13 
OH OH 0 
~C6H13 ~C6H13 
70: 1 
Another example using the vanadium salt, cv+ / TBHP complex is the stereoselective 
synthesis of trimethylsilyl epoxides (Table 7) reported by Sato et al.77 Epoxidation of 
,B-methyl-y-(trimethylsilyl) derivatives of homoallylic alcohols using v5+; TBHP gave 
the corresponding syn-epoxy alcohols with very high stereoselectivity (>99: 1). 
Interestingly, epoxidation of the ester derivatives of the above alcohols using 
m-chloroperbenzoic acid (mCPBA) gave the corresponding anti-epoxy alcohols with 
reasonably high stereoselectivity after hydrolysis. The results are summarized in Table 
7. 
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Table 7: v5+ / TBHP epoxidation of homoallylic alcohols and their esters 
Substrate Reagent Major product Selectivity 
~ V+fTBHP ~ > 99: 1 
~ V+/fBHP ~ > 99: 1 
~ mCPBA ~ 6: 1 
~ ~ 5: 1 mCPBA 
It is believed that the high stereoselectivity in these epoxidation reactions is due to 
the steric bulk of the SiMe3 group which leads to formation of the corresponding 
"Cram" products. 
1.3 Stereocontrol via Cyclisation.78 ·80 
Among reactions that give high 1,2- and 1,3-asymmetric induction are the reactions 
of chiral alcohols and amines in which the hetero atom is known to be involved in the 
transition state, either by stabilizing a particular conformation of the substrates or by 
coordinating and directing the incoming reagent. Stereocontrolled synthesis of 
asymmetric 1,3-diol systems via cyclisation can be achieved when asymmetric 
homoallylic alcohols are used as starting materials. There are two alternative routes to 
achieve the synthesis (Schemes 8 and 10). 
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1.3 .1 I odocyclisation via phosphate ester intermediates79 
The first route involves the conversion of homoallylic alcohols into the 
corresponding phosphate esters (97) (Scheme 8) which are cyclised by iodine to the 
tetraalkoxyphosphonium intermediates (98) which give, after the loss of methyl or ethyl 
iodide, the phosphate (99).79 
The reaction is of high stereoselectivity, giving rise to products in which the carbinol 
centres are generated in a syn relationship. The high stereoselectivity arises from 
equilibration between the starting material, the phosphate ester (97), and the first cyclic 
intermediate, phosphonium ion (98), before dealkylation takes place. The resulting 
iodophosphate products can undergo a number of transformations, including 
deiodination, conversion to the epoxy-phosphates and reduction to a syn-diol (Scheme 
8). 
R2 
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R1...- ~ y .. 
OH 
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~ _,,.,l ;R3 
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~
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66 
This strategy has been applied to the synthesis of nonactic acid, a subunit of the 
ionophoric macrolide nonactin.81 An outline of this synthesis is shown in Scheme 9. 
2) Meo· 
3) LiAIH4 OH OH 0 
H 
(100) 
Scheme 9 
The syn-1,3-diol was synthesized enantiospecifically via phosphate cyclisation, 
methanolysis of the iodophosphate intermediate, and then reduction. Further 
transformation of this material involved hydrogenation of the enol ether intermediate 
(100) to introduce the chiral centres at C-2 and C-3 with the correct stereochemistry 
relative to that at C-6. The phosphate cyclisation, however, generated the undesired 
configuration at C-8, which needed to be corrected with inversion of the configuration 
to give the correct isomer of nonactic acid. 
1.3 .2 I odocyclisation via carbonate ester intermediates 
The second route to 1,3-diols with stereocontrol via cyclisation is iodocyclisation via 
carbonate intermediates (101), where the R group can either bet-butyl or benzyl, to give 
the corresponding iodocarbonate (102) in high yield (Scheme 10).80 This process , 
I 
~ 
oyo 
OR 
(101) 
~ 
OH 0 2COMe 
(103) 
.. 
67 
I 
~ 
- -
- -
oyo 
0 
(102) 
~C03 
70% MeOH/H20 
21°c 
(104) 
(Scheme 10) 
+ oyo 
0 
~ = ,,, -
O' = OH 
(105) 
however, is not as stereoselective as the phosphate cyclisation since the intermediate 
cation (106) has a trigonal rather than tetrahedral centre. 
0 
RO 
?o 
(106) 
The diastereomeric cyclic carbonates can be separated, and can undergo 
transformations to give the iodohydrin (103), the epoxy carbonate (104), or the epoxy 
alcohol (105), depending on the reaction conditions employed (Scheme 10). 
Again this strategy has been applied to the synthesis of nonactic acid in which both 
enantiomers were obtained from a single optically active precursor (107)82 (Scheme 
11). 
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The synthesis started with conversion of (S )-malic acid into the epoxy tosylate 
(107). Reaction of divinyl cuprate on both epoxide and tosylate moieties yielded the 
octadienol (108). After carbonate cyclisation on the octadienol (108), tin hydride 
deiodination and conversion into the /3-keto ester (110), two modes of ring closure are 
possible. The first mode was methanolysis of the carbonate moiety followed by acid 
catalysed dehydration to provide the enol ether ( 111 ). After hydrogenation and 
inversion at C-8, the (-)-enantiomer of methyl nonactate was obtained. Alternatively, 
formation of the enolate of the {3-keto ester (110) and subsequent ring closure by an 
II 
I 
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intramolecular 0-alkylation with concomitant inversion at C-6 gave the enol ether (112). 
Hydrogenation of the enol ether (112) gave the ( + )-enantiomer of methyl nonactate. 
An alternative route to the synthesis of a cyclic iodocarbonate was reported by 
Cardillo et al. 83 ,84 This procedure was performed in one pot by ionizing a chiral 
homoallylic alcohol with n-butyllithium, the resulting alkoxide then being reacted with 
carbon dioxide to give a carbonate anion. Iodocyclisation of the carbonate anion 
intermediate with iodine gave the desired iodocarbonate in good yield. This procedure 
has been shown to be superior to the one outlined above, since the iodo carbonate could 
be obtained in a one pot reaction. 
Other useful stereocontrolled cyclisations are iodolactonization, which has been 
applied to a wide variety of cyclic and acyclic unsaturated carboxylic acids, and 
iodoetherification which is very useful for the synthesis of 2,5-cis-disubstituted 
tetrahydrofuran rings. The stereochemical features of these two processes will be briefly 
discussed. 
Iodolactonization78 
The iodolactonization reaction has been applied to chiral unsaturated carboxylic 
acids. The mechanism of this reaction involves the initial formation of a cyclic iodonium 
intermediate which undergoes an intramolecular attack by the carboxylate group. The 
stereochemical features of this reaction involve an "anti" addition process (reactions 
11,12). The best conditions for obtaining high stereocontrol involve performing the 
iodolactonization of the free carboxylic acid with iodine in acetonitrile in the absence of 
base. 
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This methodology has been applied to the synthesis of 2,5-cis-disubstituted 
tetrahydrofuran rings through an appropriate unsaturated benzyl ether system. The 
process of stereochemical control is as shown in Scheme 12. Clearly the intermediate 
obtained from route B (Scheme 12) is preferred because of the smaller 1,2-steric 
hindrance than the intermediate from route A. The success of this strategy depends on 
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the correct balance between the rates at which the oxonium intermediates break do\vn to 
give products, starting material or side products (Figure 13). A solution was achieved 
starting material ---
y 
,0 ~a~ 
y .,.._,-../ 
z 
side products 
R X 
products 
(Figure 13) 
by using a substituted benzyl ether as a starting material for the synthesis (reaction 13). 
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Apart from the methodologies described in Sections 1.1-1.3 of this chapter, several 
other strategies for the synthesis of syn- and anti-1,3-polyol systems have been 
established by Nakata et al. 85•86 The principle of their synthetic approach is related to 
the polyketide biosynthetic pathway to ,8-polyol systems (Scheme 13). When a terminal 
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ketone in A (Scheme 13) is reduced to an alcohol B, B will cyclise to form the six 
membered keto hemiacetal C. Selective reduction of the keto moiety from the least 
hindered side gives D. Opening of the hemiacetal ring in D, followed by ring closure 
between the newly produced C-3 hydroxyl group and the keto group at C-7 gives E, 
which is a higher homologue of C. By repeating the same reaction sequence, the 
1,3-syn-diol F will then be synthesized. In this reaction sequence, a six membered /3-
ketohemiacetal is serving as a producing unit for a chiral 1,3-syn-polyol chain. 
Based on the above principle, the stereocontrolled synthesis of a 1,3-syn-polyol 
(Scheme 14) has been achieved through a key intermediate (113), in which 
stereoselective reduction took place from the least hindered side to give the 3-axial 
hydroxyl compound (114).85 By converting the chair conformation from (113) to (115) 
by using a different R group at C-1, the reducing agent again attacks the keto moiety 
from the least hindered side to give the 3-ax.ial alcohol (116), leading to the synthesis of 
a 1,3,5-all anti-triol86 (Scheme 14). 
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Two other useful methods for 1,2- and 1,3-asymmetric inductions reported by 
Nakata and Oishi et al. 87,88 are the stereoselective reductions of a-hydroxy ketones and 
/3-keto esters with zinc borohydride leading to erythro 1,2-diols and erythro 1,3-
hydroxy esters (rections 14 and 15). 
OH OH OH R'Y Zn{BH1)2 ..,. R10 R'0 R2 ether, O °C - R2 + R2 14 
= 0 OH OH 
erythro threo 
(major) (minor) 
R2 R2 R2 R'0 Zn(BH4)z .. R'0 R,0 COOR3 COOR3 + _ COOR3 
0 OH OH 
erythro threo 
(major) (minor) 
The high selectivities of these two processes are controlled by the stability of the 
chelated transition states (Figure 14). When R2 is a bulky group, the transition state I, 
leading to the erythro isomers, is much more favoured than II, hence a very high 
selectivity is obtained. The same explanation applies to the selectivity in the reduction of 
15 
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the keto esters (transition state III). 
\/ \/ 
R3Q \/ HO·--Zn-H H-Zn·--·OH O·--Zn-H 
,' \ \ / /\ 7 ,' \ \ o' H.........._ _........H 0 o' H.........._ 
B B B 
\'H H// \'H 
R1 ""'H 
H H 
R1 ""'H 
H 
R2 "--R2 
I II III 
favoured unfavoured favoured 
erythro threo erythro 
(Figure 14) 
Apart from asymmetric reduction of a-hydroxy ketones to erythro 1,2-diols using 
zinc borohydride, N arasaka et al. 89 reported an asymmetric reduction of ,8-hydroxy 
ketones with tributyl borane and sodium borohydride to give the erythro-( syn)-l ,3-diol 
0 OH 
~ (n-BubB 
OH OH 
~
88% 
OH OH 
+ 
~ - 16 
5% 
(reaction 16). The high selectivity can be explained by the hydride attack at the least 
hindered side of the chelated transition state (Figure 15). 
H 
(Figure 15) 
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2. SYNTHETIC APPROACH LEADING TO THE C-1 TO C-10 
FRAGMENT OF NYSTATIN 
In order to confirm the configurational conclusion in Chapter 2, as well as to 
establish the configuration at C-7 of the esters (41a,b) and thus of nystatin, we 
proposed an enantiospecific synthesis of these esters (41a,b) and of the homologous 
esters (54a,b) from amphotericin B. These esters are (1:1) mixtures of diastereomers at 
C-10 and C-8 respectively (Scheme 15). This route should also provide a good general 
method for the enantiospecific synthesis of extended chiral ,8-polyol systems. 
... .. /\,,, .,,.OH 0~ 0) 11,r 
(R)-glutamic acid (117) (118) 
.. 
(119) (120) 
0 
Meo~ 
OH 
0 
Meo~ 
"' ·o OH 
(121) (122) 
0 
Meo 
/ OH OH OH (124) 
OMe 0 
Meo 
- -
MeO 
OH OH 
' 
from amphotericin 8 
(123) (54a,b) 
OMe 
MeO 
from nystatin 
(41 a,b) 
Scheme 15 
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We planned to synthesize the esters (41a,b) and (54a,b) (Scheme 15) starting from 
the reaction of (R)-glutamic acid with nitrous acid to give the corresponding lactonic 
acid ( 117). 9o- 93 The resulting acid ( 117) would then be converted into the 
corresponding alcohol (118),91 -93 the iodide (119) and thence into the allyllactone (120) 
via a cuprate displacement.91 -93 The lactone ring would be then opened to give the 
corresponding homoallylic alcohol (121), which could control the orientation of the 
subsequent epoxidation. Following one of the strategies which have been mentioned 
earlier in Sections 1.2 and 1.3, the homoallylic alcohol (121) would then be 
asymetrically epoxidised. Sharpless epoxidation is, however, unsuitable for our system 
since it gives poor selectivity with homoallylic alcohols,70 thus the method of choice 
would be the asymetric epoxidation via iodocyclisation. Subsequent ring opening of the 
resulting epoxide (122) at the less hindered side by lithium divinylcuprate should afford 
a chiral ,B-diol system. The repetition of epoxidation and cuprate displacement reactions 
on the resulting dihydroxy olefin (123) should provide a synthesis of an extended 
chiral ,8-polyol system (124) of the type which forms characteristic structural segments 
of polyene macrolides. Finally, oxidation of the double bond, lactonization and then 
reduction of the lactone ring should give the desired esters (4la,b) and (54a,b). 
In this reaction sequence, chirality derived initially from (R)-glutamic acid is relayed 
successively to the secondary hydroxyl functionalities of the resulting polyol and of the 
esters (54a,b) and (41a,b). 
I 
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CHAPTER 4 
ENANTIOSPECIFIC SYNTHESIS OF (2S)-2-ALL YL TETRAHYDR0-
5-0XOFURAN FROM (S)-GLUTAMIC ACID 
1. INTRODUCTION 
The optically active (4R)-4-allyllactone (120) is required as a key intermediate in the 
synthesis of the dihydroxy esters (41a,b), since its lactone ring could in principle be 
opened to give the corresponding optically active homoallylic alcohol (121). The 
resulting alcohol could be used as a starting material for an iterative synthesis leading to 
a chiral ,B-polyol system (124) and ultimately to the esters (4la,b) in which all 
secondary alcohol functions have the same R-configuration (Scheme 16). 
OJ:),,,,~ ... 
(120) 
0 
MeO 
OH OH 
(124) 
0 
Meo~ 
... 
... 
(121) 
... 
... 
(Scheme 16) 
-
OH 
0 OH OH o-- OMe 
MeO 
(4la,b) 
Optically pure 4-alkyl- and 4-alkenyl-y-butyrolactones have been synthesized by the 
conversion of (S)-glutamic acid into its corresponding lactonic acid (125),90-93 which 
was then esterified to give the corresponding ester, such as (126). 91 -93 The ester was 
selectively reduced with sodium borohydride to give a lactonic alcohol.91-93 The alcohol 
was subsequently converted into its tosylate derivative, then cuprate displacement of the 
tosylate group gave the desired alkyl or alkenyllactone.91-92 Alternatively the tosylate 
could be converted into an iodide or epoxide, cuprate displacement then yielding the 
desired alkyl or alkenyllactones in good yields.93 
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Nitrous acid deamination of glutamic acid is reported to give only the y-lactonic 
acid, such as (125), arising from substitution of the amino group by an hydroxyl group. 
This reaction proceeds with full retention of configuration due to the participation of the 
neighbouring a-carboxylate group.94-96 We therefore planned to synthesize the 
(4R)-4-a1lyllactone (120) from (R)-glutamic acid by a similar route to that described 
above. The main criteria in selecting the pathway for this preparation are the availability 
of starting material, good yields and stereospecificity. The synthetic approach was 
examined using the cheaper starting material (S)-glutamic acid which would give the 
enantiomers of esters ( 41 a,b ). 
2. RES UL TS AND DISCUSSION 
2 .1 Synthesis of (2S)-Tetrahydro-5-oxo-2-furancarboxylic acid (125) 
In 1961, the synthesis of the racemate of the lac tonic acid ( 125) from the reaction of 
(RS)-glutamic acid with sodium nitrite in 2N aqueous sulfuric acid was reported.97 The 
product was obtained by evaporation of the reaction solution, extraction with hot 
acetone and distillation. 
o~co2H 
(125) (126) 
Repetition of these conditions using (S)-glutamic acid gave a crude material which 
was difficult to distil, thus it was purified by chromatography to give the desired acid 
(125) and an unknown in 18% and 5% yields, respectively. The 1H NMR spectrum of 
the acid (125) exhibited two multiplets at 8 2.20-2.40 and 2.40-2. 75 in the ratio of 1 :3 
corresponding to the four methylene protons of the y-lactone ring, and a multiplet at 8 
4. 95-5.10 due to the resonance of its methine proton. A broad singlet corresponding to 
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the carboxyl proton was observed at 8 8.25. The mass spectrum of the lactonic acid 
(125) showed M+ 130 and m/z 85 due to the loss of the carboxyl group. 
OJ:) 
+ 
m/z 85 
The 1 H NMR spectrum of the unknown was similar to that of the acid ( 125) except 
for one extra singlet at 8 3.82 corresponding to a methoxy 1 group of an ester moiety. 
We therefore assigned the unknown as the lactonic methyl ester (126). The structure 
elucidation was confirmed by its mass spectrum which showed M+ 144, C6H8O 4, and 
m/z 85 due to the loss of the carbomethoxy group from the lactone ring. The ester (126) 
was formed from reaction of the acid ( 125) with methanol present as an impurity in the 
acetone used for extraction, despite distilled solvent being employed. This procedure 
thus proved to be poor due to the low yield of acid obtained. 
In order to optimize the conditions and to avoid the ester formation, the reaction 
procedure was modified by combining the above procedure, in which sulfuric acid was 
employed, with that of Y amada,98 in which a 6N hydrochloric acid solution was used 
and the reaction was worked up by extraction of the syrup, obtained from evaporation 
of the reaction solution, with ethyl acetate. Hence, a solution of 6N sulfuric acid was 
used in our experiment, and the reaction was worked up with hot ethyl acetate to give 
the desired acid as a white solid in 87% yield after traces of solvent were removed under 
high vacuum overnight (for more details, see Section 2.2). Hence, the acid (125) was 
ready for the conversion into the corresponding ester (127) or to the alcohol (130). The 
synthesis of these two compounds (127) and (130) will be discussed later. We initially 
investigated an alternative synthesis of the ester (127) from (S)-glutamic acid, which 
could lead to the synthesis of the alcohol (130) by selective reduction of the ester (127) 
with sodium borohydride. 
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2 .2 Synthesis of (2S)-Ethyl tetrahydro-5-oxo-2-furancarboxylate 
(127) 
In 1974, Yamada et al. 98 reported the synthesis of the ester (127) in 76% yield from 
the reaction of (SJ-glutamic acid with sodium nitrite in 6N hydrochloric acid. The 
intermediate crude acid (125) was directly subjected to esterification with ethanol in 
benzene in the presence of p-toluenesulfonic acid. The ester (127) was then selectively 
reduced to give the corresponding lactonic alcohol (130) in 64% yield. We therefore 
attempted to reproduce Y amada's work. 
Y amada's procedure was repeated many times with unsatisfactory results. The 
overall yield was very poor and the 1H NMR spectrum of the crude product indicated 
that it was a mixture of three compounds. Two of the three compounds were identified 
as the desired ester (127) and the hydroxy diester ( 128), the latter resulting either from 
the ring opening of the a-lactone intermediate by a water molecule in the first step, 
(Figure 16), or from ethanolysis of the lactonic ester (127). The third compound was 
(Figure 16) 
o~co,Et 
(127) 
(128) 
(129) 
initially unidentified. Later, we achieved the conversion of the crude hydroxy diester 
(128) into the lactonic ester (127) in 20% overall yield by refluxing the total crude 
product in benzene in the presence of p-toluenesulfonic acid, removing ethanol with 
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molecular sieves. 
The 1 H NMR spectrum of the distilled product indicated a mixture of the lac tonic 
ester ( 127) and the unknown in the ratio of 2: 1. There were three triplets at 8 1.25, 1.30 
and 1.31, and three quartets at 8 4.15, 4.25 and 4.26, indicating three different ethyl 
ester functionalities. One is the ethyl ester of the lactonic ester (127), and the other two 
accordingly belong to the unknown. This NMR spectrum also contained a doublet of 
doublets at 8 4.40, a resonance belonging to the unknown, together with a multiplet at 8 
4.88-4.98 corresponding to the methine proton of the ester (127). Coupled GC-MS of 
the product indicated that the unknown was the chloro diester ( 129) resulting from 
chloride ion present in the diazotisation step (Figure 16). This reaction was avoided by 
using sulfuric acid instead of hydrochloric acid, but the percentage yield of the desired 
ester (127) obtained was still very poor although no trace of the chloro diester (129) 
could now be detected. 
It was clear that achievement of a good yield of pure lactonic ester (127) necessitated 
shifting the equilibrium between the hydroxy diester (128) and the lactonic ester (127) 
in favour of the lactonic ester (127). With this in mind, the reaction procedure was 
modified as follows. The solution resulting from the initial diazotisation stage was 
evaporated and the residue esterified directly with ethanol in a Dean-Stark apparatus. 
The crude product was then refluxed further in benzene in the presence of sulfuric acid 
with the removal of ethanol to effect conversion of the hydroxy diester (128) into the 
lactonic ester (127). Bulb to bulb distillation of the crude product gave the desired ester 
(127) in 84% yield. The 1H NMR spectrum of the ester (127) is identical to that 
recorded in the literature.94 The MS of the lactonic ester (127) showed m/z 158 (M+), 
and 85 (M+ -CO2Et). 
The selective reduction of the ester (127) to give the corresponding lactonic alcohol 
(130) will be discussed below. 
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2.3 Synthesis of (2S)-2-Hydroxymethyl-tetrahydro-5-oxofuran (130) 
Yamada et al.98 also reported the reduction of the lactonic ester (127) to the 
corresponding lac tonic alcohol ( 130) in 64% yield using sodium borohydride in ethanol 
n OH 
oAo~ 
(130) 
HO~<'OH 
- Ho.r"-:H 
(131) 
at room temperature. This reaction procedure was carried out, but TLC of the crude 
product showed a number of compounds including the hydroxy diester (128) as a major 
product, together with the desired alcohol ( 130) and the triol ( 131 ). The triol ( 131) 
resulted from reduction of the lactone ring, whilst the hydroxy diester (128) arose from 
ring opening of the lactone by ethoxide ion, produced from the reaction of ethanol with 
the borohydride. The hydroxy diester (128), the lactonic alcohol (130) and the triol 
(131) were isolated and characterized by 1H NMR and mass spectroscopy. 
In attempts to minimize the formation of these by-products, the reaction was 
repeated at 0° and -20 °C, but gave the same results, whilst reaction at -78 °C failed due 
to the precipitation of the starting material. In order to avoid reduction of the lactone, 
and also the formation of ethoxide, a milder reducing agent or non-hydroxylic solvents 
seemed to be necessary. 
In 1960, Gensler99 reported the reduction of podophyllotoxone (132) to the 
corresponding alcohol (133) with zinc borohydride in ether, without reduction of the 
lactone ring. 
83 
0 OH 
0 
< 
0 
< 0 0 
(132) (133) 
No reaction occurred upon application of Gensler's procedure to the ester (127); zinc 
borohydride is too mild to reduce the ester group of the lactone. In order to overcome 
this reactivity problem, sodium borohydride was re-employed but in non-hydroxylic 
solvents, such as dimethoxyethane and tetrahydrofuran. 
Initial yields using these solvents were very poor. The reduction clearly required a 
relatively polar aprotic solvent, since starting material remained when tetrahydrofuran 
was used as solvent. The solubility of the product alcohol (130) in water also 
contributed to the low yields. With this fact in mind, dimethoxyethane was chosen as 
solvent but the workup procedure was altered to minimize loss by water solubility or 
lactone hydrolysis. The reaction mixture was partially evaporated and quenched with a 
mixture of saturated ammonium chloride solution and ethyl acetate. The acidified 
aqueous layer was then extracted with ethyl acetate, affording the optically pure alcohol 
( 130) in 60% yield after chromatography. The 1 H NMR spectrum of the alcohol ( 130) 
is in agreement with that recorded in the literature.98 Its mass spectrum showed a 
molecular ion at m/z 116 and fragment ion at m/z 85 (M+-CH20H). 
The above reduction procedure was, however, not reproducible. The triol (131) and 
the dihydroxy ester (134) sometimes became major products. The ester (134) arose 
from ring opening of the desired alcohol (130) by the ethoxide ion, which was 
produced during the reduction of the ester (127). Higher dilution conditions were used 
in an attempt to reduce the rate of intermolecular ring opening of y-lactone by the 
ethoxide anion without success. 
84 
0 
EtO~OH 
OH 
(134) 
In view of the problems involved in selective reduction of the ester (127), we turned 
our attention again to the corresponding acid (125), the preparation of which was 
described above. In 1984, M. Larcheveque et at.1°0 reported the synthesis of 
(R)-5-hexadecanolide from (S)-glutamic acid via lactonic acid (125) which was then 
reduced to the lactonic alcohol (130) using borane dimethylsulfide complex. Following 
Larcheveque's procedure, the lactonic alcohol (130) was obtained in 83% yield. The 1H 
NMR and mass spectra are identical to those obtained from the previous experiment and 
from the literature report. 98 
The alcohol (130) was now ready to be converted into the corresponding tosylate 
(135). 
2 .4 Synthesis of (2S)-2-Tosyloxy,nethyl-tetrahydro-5-oxofuran (135) 
The 2-tosyloxymethyl-tetrahydro-5-oxofuran (135) was prepared in 73% yield by a 
known procedure,92 from the reaction of the alcohol (130) with p-toluenesulfonyl 
chloride in the presence of pyridine. The 1 H NN1R spectrum of the tosy late ( 135) is in 
agreement with that recorded in the literature.92 The mass spectrum showed a molecular 
ion at m/z 270, and fragment ions at m/z 91 (C7H7 +) and 85 (M+-CH2OTs). 
n OTs 
O~o~ 
(135) 
85 
The next step of our synthesis involved the displacement reaction of lithium 
divinylcuprate on the tosylate (135). If the displacement reaction failed, an alternative 
route would be via conversion of the tosylate (135) into the iodide (136), then cuprate 
displacement would give the allyllactone (138). Similarly, if the cuprate displacement on 
the iodide (136) failed, a second alternative method would be conversion of the iodide 
(136) into the epoxide (137), then cuprate displacement should give the allyllactone 
(138). Therefore, in this work, both the iodide (136) and the epoxide (137) were 
prepared as follows. 
2 .5 Synthesis of (2S)-2-Iodomethyl-tetrahydro-5-oxofuran (136) 
The lactonic iodide (136) was prepared in 90% yield by refluxing the tosylate (135) 
in acetone in the presence of lithium iodide. 90 The 1 H NMR spectrum of the iodide 
(136) showed multiplets at 8 1.88-2.10 and 2.38-2.70 corresponding to the four 
methylene protons of the lactone ring. A multiplet at 8 4.48-4.64 was assigned to the 
methine proton of the y-lactone, and two doublets of doublets at 8 3.30 (J = 10.5,7.1 
Hz) and 8 3.40 (J = 10.5,4.4 Hz) were assigned to the methylene protons of the 
primary iodide function. The mass spectrum of the lactonic iodide (136) showed a 
molecular ion at m/z 226, and fragment ions at m/z 99 (M+-I), and 85 (M+-cH2I). 
2.6 Synthesis of (4S)-4,5-Epoxypentanoate (137) 
In 1982, Vigneron et al. 93 reported the conversion of the lac tonic iodide ( 136) into 
the corresponding epoxide in 95% yield using anhydrous sodium carbonate in 
methanol. When this reaction was carried out, only 75% of the desired epoxide (137) 
and 20% of the starting material were obtained, despite stirring the reaction mixture at 
room temperature for two days. It was found, however, that synthesis of the desired 
epoxide (137) could be improved to 85% yield by the reaction of the lactonic iodide 
(136) and anhydrous potassium carbonate in methanol. 101 The 1H NMR spectrum of 
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the epoxide (137) is in agreement with that recorded in the literature. 102 The structure of 
0 
Meo~ 
(136) (137) 
the epoxide (137) was further confirmed by its mass spectrum which showed a 
molecular ion at m/z 130 and fragment ions at m/z 99 (M+ -OMe), 74 
fragment ion at m/z 74 arises from a McLafferty rearrangement of the molecular ion. 
UTHIUM DIORGANOCUPRATES: REACTIONS AND MECHANISMS 
It was our intention to utilize organocuprate chemistry to synthesize the allyllactone 
(138) by a displacement reaction between lithium divinylcuprate and the tosylate (135), 
the iodide (136) or the epoxide (137), whichever was found to be the most efficient and 
convenient way. 
0 
(138) 
The utility of organocuprate reagents in organic synthesis has been widely accepted 
in recent decades. This is largely attributable to their ease of preparation and to their 
ability to effect transformations difficult or impossible to accomplish effectively with 
any other reagents. Organocopper reagents always react in highly stereoselective, 
regioselective and chemoselective fashion, which is important in the construction of 
complex organic molecules. 
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There are two main reactions of lithium diorganocuprates in organic synthesis. 103 
One is the 1,4-addition of the reagent to an a ,,8-unsaturated system, such as 
a,,8-unsaturated carbonyl and nitro compounds. The other is the displacement reaction 
of cuprate reagents on electrophiles, such as halides, tosylates and epoxides. Reactivity 
profiles may be altered by controlling several parameters: the source of Cu(I) (CuX, 
where X = halide, nitrile, etc.); the ratio of CuX to R-M ( being either stoichiometric or 
catalytic in CuX); the counter ion involved (usually M = MgX or Li); the choice of 
solvents; and the presence of additives (as solubilizing or activating groups, such as 
sulfides, phosphines and Lewis acids). 
A combination of molecular weight measurement, NMR spectroscopy and solution 
X-ray scattering methods reveals that lithium diorganocuprates in diethyl ether or 
tetrahydrofuran exist as dimers (Figure 17). 
R :- - - - Cu- - - RI R:----Cu--- R 
Li( )ii 
R--- Cu·--·R 
Li()ii 
R--- Cu·-- ·R' 
Figure 17 
The most recently discovered copper reagents are the "higher order" 
organocuprates. 104 These species are differentiated from "lower order" cuprates, 
R2CuLi or RR'CuLi, in that the Cu-cluster contains an additional ligand ( originally 
negative charged). Hence, they are formally Cu(I) dianionic salts. "Higher order" 
cuprates include species of the type R3CuLi2, R 3Cu(MgX) 2, R 2Cu(CN)Li2, 
R2R'Cu(MgX)2 and RR'Cu(CN)Li2 (X = halide). 
There are also highly aggregated cuprates [R5Cu3Li2, R3Cu2Li and R5Cu3(MgX)2], 
which are derived from stoichiometric mixes of CuX:RM. 
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"Higher order" organocuprates can be prepared in different ways, for example: 
a) Copper(I) halides plus Grignard reagents 
2 RMgBr+ RCu 
2RMgX +R'Cu 
R3Cu(MgBr) 
R2R'Cu(MgX) 
These reagents are useful for 1,4-additions to enone systems. 
b) Copper(!) halides plus organolithium reagents. 
3 RLi + CuBr 
These reagents are useful for both substitution and 1,4-addition reactions. It has been 
shown that these reagents are more reactive than their "lower order" analogues. 
c) Cuprous thiocyanate plus organolithium reagents 
2 RLi + CuSCN ., R2Cu(SCN)Li2 
These reagents are inferior to R2Cu(CN)Li2 but superior to the "lower order" reagents. 
d) Cuprous cyanide plus organolithium reagents 
2 RLi + CuCN 
Cuprous cyanide can be used as a source of Cu(I) in the formation of "lower order" 
organocuprates with the advantage that only one equivalent of an organolithium is 
required to form an active reagent, since cyanide anion acts as a residual ligand (R), that 
is already attached to copper ion. These "lower order" cyanocuprates, however, show 
reactivities inferior to the diorgano homocuprates. Based on the reactivity of "higher 
order" organocuprates (R3CuLi2), two equivalents of RLi and one equivalent of CuCN 
were combined to form "higher order", mixed organocuprate reagents "R2Cu(CN)Li2" 
which have been shown to have greater activity and synthetic advantages over their 
"lower order" predecessors. 
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The detailed mechanisms 103 ,104•106 of organocopper addition and substitution 
reactions remain uncertain. However, there is a widespread agreement about the general 
mechanism of organocopper substitution reactions. Oxidative trans-addition of a (d 1°) 
cuprate to an R'X electrophile produces a planar copper (III) (d8) intermediate whose 
lifetime is influenced by the nature of X; reductive cis-elimination leads to the 
unsymmetrical coupling product RR' and RCu(I) and LiX (reaction 19). 
R'X R' I u R-Cu (111)-R 
I 
RR' + RCu (I} + LiX 19 
X 
It is agreed that copper (III) intermediates are also involved in conjugate addition 
reactions of organocopper reagents. Direct nucleophilic oxidative addition of an 
organocopper (I) compound to the /3-carbon atom of an a,/3-unsaturated carbonyl 
compounds produces a copper (III) intermediate whereas indirect oxidative addition 
proceeds via electron transfer from the organocopper (I) compound to the carbonyl 
substrate, generating a copper radical cation and an enone radical anion which then 
combine to produce the copper (III) intermediate. Reductive elimination causes 
attachment of an R group to the /3-carbon atom and generation of an enolate (reaction 
20). 
R-Li-R 
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Although the "higher order" organocuprate, R2Cu(CN)Li2 should be the most 
suitable cuprate for our synthesis, only little was known about its uses in the early 
period of our investigation, and accordingly we started our plan by using "lower order" 
organocuprate reagents. 
2.7 Synthesis of (2S)-2-Allyltetrahydro-5-oxofuran (138) 
In 1973, Johnson et at.105 reported cuprate displacement of tosylate and iodide 
functionalities to give the corresponding alkylated products in good yields. 
Sil verstein91 and Ravid92 reported the synthesis of optically pure 4-alkyl- and 
4-alkenyl-y-lactones (139) and (140) by displacement reactions of the corresponding 
tosylate with an appropriate lithium organocuprate reagent, while Vigneron et at.93 
synthesized an alkenyllactone from a cuprate displacement reaction on the 
corresponding epoxide. These works guided us to synthesize the allyllactone (138) by 
displacement reactions on the tosylate (135), iodide (136) or epoxide (137) by lithium 
divinylcuprate. 
O~R 
(139) R = Et, Bu 
(140) R= ~ 
In order to establish optimum conditions for the synthesis of the desired allyllactone 
(138) using the procedure reported by Silverstein,91 the preparation of the model 
compound, the pentyllactone (69) , which required the more readily commercially 
available n-butyllithium, was first studied. The displacement reaction of lithium 
dibutylcuprate on the tosylate (135) was carried out under various conditions. The 
results are summarized in Table 8. 
Table 8 
n OTs 
O~o~ 
(135) 
+ 
Entry Copper salt Equivalents 
1 CuBr:SMe2 5 
2 Cul 2 
3 Cul 5 
4 Cul 2.5 
5 Cul 5 
91 
n-Buli 
Cu(l)X 
Generation of cuprate 
temp. time 
(OC) (min) 
0 15 
0 15 
-40 60 
-40 60 
-40 60 
n Bu 
O~o~ 
(69) 
Reaction Results 
temp. time 
(OC) (h) 
-60 3 complex mixture 
-60 3 SM + trace Pdt 
-60 5 decomposition 
-60 6 decomposition 
-60 2 25% product 
These results indicated that the reaction of five equivalents of the cuprate reagent, 
generated from cuprous iodide and n-butyllithium at -40 °C for lh, with the tosylate 
(135) at -60 °C for 2h was the optimum way to synthesize the pentyllactone (69) (entry 
5). Two equivalents of the cuprate (entry 2), however, are not sufficient for the 
complete conversion of the tosylate (135) to the desired lactone (69), and longer 
reaction times (entries 3 and 4) cause the decomposition of the product. However, the 
tosylate (135) is not a suitable starting material for cuprate displacement since low yields 
were obtained. 
Accordingly, the lactonic iodide (136) was examined as a substrate for this reaction 
since iodide is a better leaving group than tosylate, and hence, should be more 
reactive. 107 The iodide (136) was therefore reacted at -60 °C for 4h with five 
equivalents of lithium dibutylcuprate , generated from cuprous iodide and 
n-butyllithium. However, the undesired products nonen-5-one (141) and 5-butyl-5-
hydroxynonene (142), were obtained. The IR spectrum of the ketone (141) showed a 
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strong absorption band at 1715 cm-I characteristic of a keto group and a medium band 
at 1640 cm-I corresponding to the C=C stretching. The 1H NMR spectrum showed a 
triplet at 8 0.90 (J = 7.0 Hz) corresponding to methyl protons, two multiplets at 8 
1.42-1.64 and 1.18-1.42 which were assigned to the four methylene protons at C-7 
and C-8 and a multiplet at 8 2.22-2.58 corresponding to the six methylene protons 
adjacent to carbonyl and olefinic groups. The three olefinic protons appeared at 8 
4.90-5.10 and 5.70-5.92 as multiplets in the ratio of 2:1. The structure of the ketone 
(141) was confirmed by its mass spectrum which showed m/z 140 (M+), 85 
The IR spectrum of 5-butyl-5-hydroxynonene (142), showed a broad absorption 
band due to the hydroxyl group at 3430 cm-I and a medium band due to C=C stretching 
at 1640 cm-I. The 1H NMR spectrum of the alcohol (142) showed resonances 
corresponding to methyl and methylene protons at 8 0.90 and 1.10-1.75. The two 
allylic protons appeared as a multiplet at 8 2.00-2.19, while the three olefinic protons 
showed as two multiplets at 8 4.90-5.15 and 5. 72-5.98. Its mass spectrum showed m/z 
180 (M+), 143 (M+-c4H7) and 141 (M+-c4H9). 
These two compounds may have arisen from cuprate addition at the carbonyl 
lactone functionality to give the acetal intermediate (143) (reaction 23), then E2 
O~I 
n-Bu2Cu~i [~~ 
1 
] OLi 
Bu~ 
.... 
(143) ) OLi 
(136) n-Bu2Culi 
/ t workup 
0 
n-Bu2Culi 
0 
Bu~ 
OH 
Bu~ Bu~ 
Bu 
(141) (142) (141) 
23 
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elimination of the intermediate (143) to give the ketone (141). The occurrence of an 
E2 elimination can be explained mechanistically as an electron transfer from the 
organocopper reagent to the iodide (reaction 23). Subsequent addition of the cuprate 
reagent at the carbonyl group of the ketone (141) gave the alcohol (142). Alternatively, 
the addition reaction might arise from the reaction of excess n-butyllithium present 1n 
the solution. 
Clearly, the lactonic iodide (136) is also unsuitable for the cuprate displacement 
reaction. 
In 1982, Vigneron et a!.93 reported the synthesis of the alkenyllactone (144) in 
64% yield by cuprate displacement on the epoxide (137). In this work, the lithium 
diorganocuprate attacked the epoxide exclusively at the primary carbon to give the 
desired alkyl- or alkenyllactones as the only products. 
0 
(144) 
When the reaction between lithium dibutylcuprate and the epoxide (137) was 
carried out under the conditions employed by Vigneron, the pentyllactone (69) was 
obtained in 64% yield. Repetition of these conditions using lithium clivinylcuprate, 
however, resulted in only 21 % yield of the desired product (138), 21 % of the starting 
material being recovered. Optimization of the reaction conditions finally resulted in an 
improvement of the percentage yield to 50% (Table 9). 
The product obtained, however, was contaminated with a substantial amount of a 
by-product, the benzyllactone (145), which arose from either diphenylcuprate or 
phenylvinylcuprate attack on the epoxide moiety of (137). The phenyl cuprate impurity 
Table g: 
0 
Meo~ + R2Culi 
Et20 
.. o½R 
(137) 
R2CuLi Equivalents Cuprate Generation Reaction Results 
temp.(°C) time(h) temp.(°C) time(h) 
n-Bu2CuLi 2 .0 -50 to -40 1 . 0 -60 1 . 5 O~CsH11 64% 
(~2CuLi 2 . 0 -50 to -40 1 . 0 -60 1 . 0 SM, 21 % ; Pdt 21% 
( ~ 2 C uL i 2 . 0 -50 to -40 1.0 -60 2 .0 SM, 29%; Pdt 31% 
(~2CuLi 2.5 -20 1 . 0 -60 2 .0 SM, 25% ; Pdt 34% 
( d 2 C u L i 5 . 0 -20 1 . 0 -60 2.0 SM, 35%; Pdt 33% 
(~2CuLi 5 . 0 -20 1 . 0 -60 1 . 5 SM, 39% ; Pdt 38% 
-20 2.5 
(~2CuLi 5 .0 -20 0 . 66 -40 to -20 2 .5 - Pdt 50% 
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was formed during the preparation of vinyllithium, in which tetravinyl tin was reacted 
n Ph 
oA0 ~ 
(145) 
with phenyllithium in diethyl ether solution (reaction 24). In this reaction, only 95% of 
the expected tetraphenyl tin precipitated, and therefore the solution of vinyllithium also 
contained excess phenyllithium, lithium bromide (from the phenyllithium preparation), 
and tetraphenyl tin (tetraphenyl tin was reported to dissolve to the extent of 0.102 g per 
100 ml of diethyl ether at 20 °C). 108 
+ 4 PhLi 4 /'u 24 
Tetraphenyl tin then reacted, in a manner similar to RHgCl, 104 with the 
divinylcuprate reagent in the solution to form mixed cuprate species (reactions 25 and 
26). This process can be explained mechanistically as involving ligand redistribution 
between the two metal ions to increase the amounts of the mixed cuprate and 
diphenylcuprate species. The mixed organocuprate, however, possesses almost the 
same selectivity in transferring vinyl and phenyl ligands to the epoxide. Hence, when 
the epoxide (137) was subjected to this cuprate solution, a mixture of the allyllactone 
(138) and benzyllactone (145) was obtained. These two compounds were not separable 
by flash chromatography. 
~Li + PhLi + Cul (~ 2 Cu Li + (~ PhCuLi + Ph2CuLi 
+ ... + + V"} PhCuLi 
+ + 
~2CuLi + (/1 PhCuLi 
-25 
+ + 
~PhCuLi + etc 
-26 
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Lipshutz et ai. 107,109- 111 reported substitution reactions of epoxides with "higher 
order", mixed organocuprates, R2Cu(CN)Li2, to give the corresponding alcohol in 
80-90% yields. It was reported that these "higher order", mixed organocuprates are 
superior to their "lower order" analogues in reactivity and stereocontrol. Reactions also 
require less excess of the cuprate reagents. The reaction between the epoxide (137) and 
lithium divinylcyanocuprate was carried out, and the conditions were altered in order to 
obtain the maximum yield The results are summarized in Table 10. 
Table 10 
0 
MeO~ 
0 
+ 
(137) 
Equivalents TellJ perature 
C 
2.5 -10 
2.5 -30 to -40 
1.25 -60 
Time 
(h) 
2.5 
1.5 
2.0 
... 
0~ 
(138) 
Products % Yields 
o~+ 50-60 
(138) 
OH 
(145) 
~
0 20-25 (146) 
o~ + o~Ph 61-65 
(138) (145) 
OH 
~
0 20 
(146) 
o~+ o~Ph 85 
(138) (145) 
OH 
~ 5 
0 
(146) 
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Lithium divinylcuprate was generated from the reaction of cuprous cyanide with 
two equivalents of vinyllithium at 0 °C for 10 min. Vinyllithium was again generated 
from the reaction of tetravinyl tin and phenyllithium. 
The above results indicated that the optimum conditions for synthesis of the 
allyllactone (138) involve reaction of the epoxide (137) with 1.25 equivalents of lithium 
divinylcyanocuprate at -60 °C for 2h. A higher ratio of the cuprate reagent resulted in 
the attack of the reagent at both epoxide and ester functionalities to give the keto alcohol 
(146). The desired allyllactone (138) was again contaminated by the benzyllactone 
( 145), which was inseparable by flash chromatography. GC of this mixture indicated a 
4:1 ratio of (138):(145). The pure (4S)-4-allyllactone (138) was finally obtained in 68% 
yield by bulb to bulb distillation. The 1H NMR spectrum of the allyllactone (138) 
showed multiplets at 8 1.80-2.04 and 2.20-2.60, in the ratio 1 :5 corresponding to the 
four methylene protons of the lactone ring and two ally lie protons of the carbon attached 
to the lactone ring. The methine proton at C-4 occurred as a multiplet at 8 4.50-4.67, 
and the three olefinic protons occurred as two multiplets at 8 5.10-5.25 and 5.70-5.92, 
in the ratio of 2: 1. The optical purity was confirmed by the 1 H NMR spectrum of the 
lactone (138) in the presence of europium (D-3-trifluoroacetyl camphorate)3 which gave 
one set of signals corresponding to only one isomer. The resonance corresponding to 
the allylic protons was shifted downfield to 8 2.80 and was observed as a doublet of 
doublets (J = 11.0, 7.1 Hz), while the resonance of the methine proton occurred at 8 
4.60-4.80. The assigned structure was confirmed by mass spectroscopy which showed 
M+ 126 and m/z 85 (M+ -CH2CH=CH2). 
The 1H NMR spectrum of the benzyllactone (145) showed multiplets of one and 
three proton intensity at 81.85-2.05 and 2.15-2.60 corresponding to the four methylene 
protons of the lactone ring. The methine proton occurred as a multiplet at 8 4.65-4.80. 
There were two doublets of doublets at 8 2.95 and 3.10 (J = 15.5, 6.5 Hz), assigned to 
the benzylic protons with a multiplet at 8 7.15-7.40 corresponding to the aromatic 
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protons. Its mass spectrum showed M+ 176 and m/z 91 and 85 corresponding to 
PhCH2 + and M+-PhCH2, respectively. 
The 1H NMR spectrum of the hydroxy ketone (146) showed multiplets of two 
proton intensity at 8 1.65-2.00 and 2.15-2.40 corresponding to the methylene protons 
of the carbon adjacent to the hydroxyl-carrying carbon, and the allylic protons , 
respectively. A two-proton triplet at 8 2.50 (J = 7.2 Hz) was assigned to the methylene 
protons adjacent to the keto group. There was a multiplet at 8 3.60-3.80 corresponding 
to the me thine proton of the carbon attached to the hydroxy 1 group. The olefinic protons 
occurred as multiplets at 8 5.08-5.20 and 5.70-5.92. 
Our observation of this phenyl impurity is consistent with that of Bartlett et at.82 
1n their synthesis of the dienol (108) by a displacement reaction of lithium 
divinylcuprate on the epoxy tosylate (107). The vinyllithium used in this reaction was 
generated from the reaction of n-butyllithium and tetravinyl tin, and hence there was 
3-5% contamination of the reagent by a butyl-containing cuprate which resulted in 
approximately 15-20% of a butyl-containing side product. 
~OTs 
o·' 
OH 
(107) (108) 
2.8 Reaction of (2S)-2-Hydroxynzethyl-tetrahydro-5-oxofuran (130) 
with Lithium Dibutylcuprate 
In an attempt to shorten our synthetic route leading to the (R)-ally llactone ( 120), 
we considered the possibility of a base-catalysed conversion of the lactonic alcohol to 
the epoxide (147), which could then react further with lithium divinylcuprate to yield the 
desired product (Scheme 17). If this approach was successful , the synthesis of the 
98 
allyllactone (120) would be three steps shorter than the route discussed above. 
Moreover, this route would provide the required (R)-enantiomer for the synthesis of the 
esters (41a,b) from the cheaper (S)-isomer of glutamic acid. 
n~~H 
O~o~ ) 
s-
(S)-(130) 
0 
0 
MO~~Culi 
''·o) 
... MO~ 
workup 
... of),,,,,~ 
OH 
(R)-(120) 
(Scheme 17) 
The approach was first examined using lithium dibutylcuprate (generated from 
CuBr:SMei and n-butyllithium). In the hope that the cuprate might be sufficiently basic 
to both form the epoxide and react further with it in the one pot, the lactonic alcohol 
(130) was reacted with 5 equivalents of lithium dibutylcuprate at -60 °c for lh, then at 
room temperature overnight. The products obtained, however, were the lactol (148) and 
the dihydroxy ketone (149) which arose from the attack of the cuprate or excess 
n-butyllithium at the carbonyl group. 
0 HO>Ov OH 
Bu O 
Bu OH 
OH 
(148) (149) 
Clearly, the cu prate reagent was not a suitable base for ionizing the alcohol, 
accordingly, n-butyllithium was utilized. When n-butyllithium was introduced to an 
ether solution of the lactonic alcohol (130), a viscous oil formed and separated from the 
solution, hence it was not possible to transfer it to the cu prate mixture. Accordingly, the 
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reaction was not investigated further. 
2.9 Conclusion on Cuprate Displacement Reactions 
In this work, it was found that the tosylate (135) was not a suitable starting 
material for cuprate displacement reactions since a complex mixture was obtained. 
Furthermore, the reaction of the lactonic iodide (136) with lithium divinylcuprate gave 
the keto olefin (141) and the hydroxy olefin (142), and clearly this substrate is also 
unsuitable for the cuprate displacement reaction. 
When the epoxide (137) was reacted with the "lower order", lithium 
divinylcuprate, the desired allyllactone (138) was obtained, but in only 50% yield. 
However, when the "higher order" lithium divinylcyanocuprate was employed, 
conditions were developed which resulted in an improvement of the percentage yield to 
67%. The moderate yield obtained was due to the competing reaction of the 
phenyl-containing cuprate formed in the reaction mixture. Nevertheless, this is the most 
versatile method yet reported for the preparation of the chiral (S)-allyllactone (138) from 
(S)-glutamic acid. 
The further conversion of the lactone (138) leading to the synthesis of the esters 
(237a,b) and (238a,b) will be discussed in Chapter 5. 
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CHAPTER 5 
ITERATIVE SYNTHESIS OF EXTENDED CHIRAL ,B-POLYOL SYSTEMS: 
A ROUTE LEADING TO THE ESTERS (237a,b) AND (238a,b) 
1. INTRODUCTION 
The chiral ,B-diol (150) is required as another key intermediate in conversion of the 
(4S)-4-allyllactone (138) into the esters (237a,b), the enantiomers of the esters (54a,b) 
derived from amphotericin B and the esters (238a,b), the enantiomers of the esters 
(41a,b) derived from nystatin, (Scheme 18). This synthesis of the mono- and 
dihydroxy esters (237a,b) and (238a,b) requires the development of an iterative 
synthesis of extended chiral /3-polyol systems from the parent chiral lactone, and will 
also enable confirmation of the absolute configurational conclusions, regarding C-3 and 
C-5 of nystatin (7), as drawn in Chapter 2, and establishment of the absolute 
configuration at C-7. 
0~ 
(138) 
MeO 
(237a,b) 
... 
... R~ 
OH OH 
(150) 
OMe OMe 
MeO 
(238a,b) 
(Scheme 18) 
As described in Chapter 3, chiral /3-polyol systems can be synthesized by using 
various strategies, such as asymmetric aldol condensation,59 Sharpless epoxidation-ring 
opening, 67 ,68 or epoxidation via iodocyclisation-ring opening sequences. 78 -80 
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Asymmetric aldol condensation is, however, unsuitable for our system since it creates 
an extra chiral centre at C-2 (e.g., in the hydroxy ketone (73) (Chapter 3)). Hence 
epoxidation-ring opening sequences would be our choice. Sharpless epoxidation, 
l ~ I R2 R1/Y2rr 
OH 0 
(73) 
however, gives poor selectivity when a homoallylic alcohol is used as a starting 
material, while epoxidation via iodocyclisation gives good results with such a 
substrate. The product obtained from ring opening of the lactone (138), which will be 
used as a starting material for the subsequent epoxidation, is a homoallylic alcohol. 
Accordingly, we have developed an asymmetric synthesis of a ,8-polyol system from 
this homoallylic alcohol which involves iodocyclisation and conversion to the hydroxy 
epoxide. Subsequent ring opening of the epoxide with lithium divinylcuprate gives a 
second homoallylic alcohol, a higher homologue containing an additional -CH2CHOH-
unit compared to the starting material. Repetition of this process leads to an extended 
chiral ,8-polyol system (Scheme 19). 
R~ 
• OH 
R~ 
OH OH 
R~ 
OH 
• 
• 
(Scheme 19) 
+ V1_ Cu(CN)Li2 ... 
R~ 
OH OH 
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The first part of this chapter discusses ring opening of the y-lactone (138) to give a 
suitable homoallylic alcohol. The second part deals with synthesis of the two 
homologous /3-polyol systems from the resulting alcohol. Finally, oxidation of the 
double bond of the /3-polyols, removal of the protecting groups and esterification 
leading to the synthesis of the esters (237a,b) and (238a,b) will be discussed. 
2. RES UL TS AND DISCUSSION 
2.1 Ring Opening of y-Lactones 
Continuing with our synthetic approach, (Chapter 3), the next step of our synthesis 
1s to open the lactone ring of the allyllactone (138) to give the corresponding 
homoallylic alcohol of known absolute configuration, which should be convertible in an 
enantioselective manner into the epoxy alcohol via iodocyclisation.78-80,83 ,84 We 
approached the ring opening of the y-lactones by alcoholysis and aminolysis to give the 
corresponding hydroxy esters and hydroxy amides, respectively and by reduction of the 
lactones to give the corresponding hemiacetals. These hemiacetals should be in 
equilibrium with their corresponding open chain aldehydes, and the equilibrium could 
be pushed forward to the open chain side by protecting the aldehydes in their acetal 
forms. The reaction conditions were first examined using the commercially available 
(±)-pentyllactone (69) as a model compound. 
(69) (138) 
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2.1.1 Alcoholysis of y-lactones 
Although alcoholysis of y-lactones can be performed in either acidic or basic 
conditions, isomerization of the double bond of the allyllactone (138) would occur 
under strongly acidic conditions. In 1975, O'Mant et al. 112 reported the methanolysis 
of the lactone (151) to give the corresponding hydroxy ester (152) in good yield using 
18M sodium hydroxide in methanol. Ando et a/. 113 carried out the isopropanolysis of 
0 
0 
(151) (152) 
the lactone (153) using aluminium isopropoxide in refluxing toluene to give the ester 
(154). These reports prompted us to examine similar procedures for our synthesis. 
MsO 
,,,, 
0 
(153) (154) 
When these conditions were applied to the (±)-pentyllactone (69), however, 
4-hydroxynonanoic acid (155) which arose from hydrolysis of the lactone (69) was 
obtained under O'Mant's conditions, 112 and only the starting material was recovered 
from the isopropanolysis reaction. 113 The structure of the acid (155) was assigned from 
its 1H NMR spectrum which showed a triplet at 8 2.50 (J = 7.6 Hz) corresponding to 
the methylene protons adjacent to the carboxyl group, a multiplet at 8 3.55-3.72 
assigned to the methine proton of the hydroxyl-bearing carbon and a broad singlet at 8 
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6.38 assigned to the hydroxyl protons of the alcohol and carboxyl groups. 
In attempts to obtain methanolysis rather than hydrolysis of the y-lactone, the 
methanolysis conditions were altered by using sodium methoxide in anhydrous 
solvents, such as tetrahydrofuran, dimethoxyethane and methanol. No reaction occurred 
in tetrahydrofuran, possibly due to the poor solubility of sodium methoxide in that 
solvent. In order to overcome this solubility problem, more polar solvents, such as, 
dimethoxyethane and methanol were used. The attempts were, however, unsuccessful 
as only the starting material was recovered under these conditions. Presumably, the 
reaction conditions employed by O'Mant and Ando for the alcoholysis of y-lactones are 
only favourable with strained ring systems. 112•113 Furthermore, transformation of the 
hydroxy ester (152) to the lactone (151) is not favoured probably because the alkoxide 
ion of the hydroxy ester (152) is a relatively weak nucleophile. 
In a subsequent attempt to prepare the 4-hydroxy ester (156), the acid (155) was 
subjected to diazomethylation. The 1 H NMR spectrum of the crude product contained a 
methoxyl signal, characteristic of a carbomethoxyl group at 8 3. 70, a multiplet at 8 
3.55-3.68 and a triplet at 8 2.50 corresponding to CHOH and CH 2CO 2Me, 
respectively, together with a multiplet at 8 4.42-4.58 consistent with a methine proton 
of a y-lactone ring. This evidence indicated that the desired ester (156) was formed, but 
had partly recyclized to the original lactone during the workup. Attempts to purify the 
crude material by chromatography resulted in complete cyclisation to the lactone (69). 
HO Meo 
OH OH 
(155) (156) 
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Our results were consistent with those reported by Brown et al. 114 on the reaction 
of y-butyrolactone with alcohol, in which the equilibrium of the base catalysed 
alcoholysis reaction was found to lie largely on the side of the lactone, and the isolation 
of the hydroxy esters was also reported to be very difficult. Thus alcoholysis was not 
an efficient method for opening the y--lactone ring. 
2.1.2 Aminolysis of y-lactones 
An alternative method for the ring opening of y--lactones to provide the required 
chiral homoallylic alcohol is aminolysis, which is a relatively irreversible reaction. In 
planning this reaction, however, it is necessary to bear in mind that it will be desirable 
to reform the 5-membered oxygen heterocycle at some stage in the route to the esters 
(237a,b) and (238a,b). This ring closure could be carried out at the oxidation level of a 
lactone or a cyclic acetal (Scheme 20). If the hydroxy amide itself (157) should fail 
0~ 
(138) 
0 
0 
0 
R2N~ 
OH 
{157) 
R2N~ 
OH O 
/ 
H~ _..,HO f\ ~O 
OH O """"'-o~ 
... n ~Q 
O~o~ 
Meo~ 
(Scheme 20) 
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to cyclise to a lactone under reasonable conditions, it would then be necessary to reduce 
the amide to the corresponding aldehyde prior to formation of a cyclic acetal. Such a 
reduction step necessitates that the amide be tertiary, since primary and secondary 
amides cannot be reduced to aldehydes 115• 116 (Scheme 20). The aminolysis conditions 
were first examined using the (±)-pentyllactone (69) as a model compound. 
When aminolysis of the lactone (69) with dimethylamine was carried out in a sealed 
tube at 50-60 °C for 40 hours, 117 N,N-dimethyl-4-hydroxynonamide (158) was 
obtained in quantitative yield. The 1H NMR spectrum of the hydroxy amide (158) 
showed a doublet of triplets at 8 2.48 (J = 7.6, 3.2 Hz) corresponding to the methylene 
protons adjacent to the amide carbonyl group, two singlets at 8 2.95 and 3.04 and a 
multiplet at 83.50-3.70 corresponding to the two methyl groups of the amide group and 
to the me thine proton. The MS of this compound showed a molecular ion at m/z 201 
and fragment ions at m/z 183 (M+-H20), 130 (M+-C5H 11 ), 87 (Me2N(OH)C=CH2 +), 
85 (130-Me2NH) and 72 (Me2NC=O+). 
N,N-dimethyl-4-hydroxy-6-heptenamide (159) was synthesized in quantitative yield 
under the same conditions used for the amide (158). The structure of the amide (159) 
was confirmed by 1H NMR evidence which was similar to that for the amide (158) 
except that there were multiplets at 8 5.00-5.20 and 5. 70-6.00 due to the olefinic 
protons, and a triplet at 8 2.30 (J = 6.4 Hz) corresponding to the allylic protons. The 
MS contained a molecular ion at m/z 171 and fragment ions at m/z 153 (M+-H20), 130 
(M+-C3H5), 85 (130-Me2NH) and 72 (Me2NC=O+). 
0 
OH 
(158) 
0 
(159) 
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Subsequent iodocarbonation of the amide ( 159) vza iodocyclisation gave an 
undesired compound that arose from nucleophilic attack by n-butyllithium at the amide 
carbonyl group (This will be discussed in detail in Section 2.2). Accordingly, an amide 
bearing bulkier alkyl groups, such as the diisopropyl amide ( 160), was required. 
No reaction occurred when a similar reaction to that above was carried out using the 
lactone (69) and diisopropylamine in a sealed tube at 140-160 °C for 45h. N,N-Diiso-
propyl-4-hydroxynonamide (160) was obtained but in very poor yield from reaction of 
the lactone (69) with lithium diisopropylamide in diisopropylamine at room temperature 
for 72 hours. 
0 
OH 
(160) 
When the hydroxy amide (160) was subjected to ionization with n-butyllithium, the 
resulting alkoxide underwent cyclisation to give the starting lactone (69). Clearly, 
hydroxy amides of the types (159) and (160) are not suitable starting materials for the 
iodocarbonation process due to side reactions which occur on treatment with 
alkyllithium reagent. 
2.1.3 Reduction of y-lactones: synthesis of 4-hydroxy acetals 
The third approach was to reduce the lactone to the hemiacetal which should be in 
equilibrium with its corresponding open chain hydroxy aldehyde. The equilibrium could 
be pushed forward to the open chain side by protecting the aldehyde in its acetal form. 
The approach was first examined using the (±)-pentyllactone (69) as a model 
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compound. 
Reduction of y-lactones 
The lactone (69) was reduced with diisobutylaluminium hydride to give 2-pentyl-
5-hydroxytetrahydrofuran (161) in 97% yield. 118,119 Accordingly, the allyllactone 
(138) was reduced under the same conditions to give (2S)-2-allyl-5-hydroxytetrahydro-
furan (162) in 86% yield as a 2:3 mixture of diastereomers at the acetal carbon, 
calculated from its 1 H NMR spectrum. The assigned structure ( 162) was confirmed by 
mass spectroscopy. 
(161) 
Acetal Formation 
HO 0 
(162) 
Hydroxy aldehydes can, in principle, by reaction with a monohydric alcohol be 
protected as their dialkyl acetals, e.g., (164). 120 In the process involved in such acetal 
formation (Figure 20), the oxonium ion (163) is a key intermediate, at which 
nucleophilic attack can occur either intermolecularly to give the desired dialkyl acetal 
(164), or intramolecularly by the neighbouring hydroxyl group to give the cyclic acetal 
( 165) (paths a and b in Figure 18). Previous experience (Chapter 2, Section 2.4 ) 
indicated that the intramolecular path b is preferred, since the cyclic acetal of type (165) 
was obtained. It is unlikely that open-chain dialkyl acetals (164), carrying the free 
hydroxyl group which we require, will be obtained from hydroxy aldehydes. 
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R'QH 
R~J~ 
+ 
(163) 
R'OVR 
(165) 
Figure 18 
a R'O_ r-\ 
R'O.>' HOAR 
(164) 
In order to obtain a species in which the aldehyde function carries acetal protection 
but which still contains a free hydroxyl group, we decided to use a diol in the 
acetalisation process. Such a diol will provide an alternative intramolecular cyclisation 
process (Figure 19, path c) leading to the acetal (167), which should compete 
effectively with the undesired intramolecular process (Figure 19, path d) of the type 
C d 
(167) (166) 
Figure 19 
previously observed. Accordingly, our approach was to synthesize the cyclic acetals , 
such as (167) (Figure 19) rather than the dialkyl acetals (164) (Figure 18). 
The synthetic plan was first investigated using the lactol ( 161) as a model 
compound. Reactions with 1.5 or 3.0 equivalents of 1,2-ethanediol in refluxing 
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benzene in the presence of p-toluenesulfonic acid, 121 or with a vast excess of 
1,2-ethanediol in acetonitrile in the presence of oxalic acid at room temperature, 122 were 
carried out. [The latter procedure was more appropriate to our synthesis since it should 
be applicable to acid sensitive compounds, such as the lactol (162). However, the 
reagents used in this procedure were not immediately available, so the former procedure 
was examined first.] Both conditions, however, gave a similar result, a mixture of two 
compounds in different ratios which were separable by chromatography. The 1H NMR 
spectrum of the more polar product in DMSO-d6 showed a hydroxyl signal at o 4.45 as 
a triplet (J = 4.2 Hz) indicating that it was a primary alcohol, 123,124 while the MS 
showed ions at m/z 202 (M+), 201 (M+-1), 141 (M+-OCH2CH2OH), and 131 
(M+-C5H11); accordingly, it was assigned the structure 5-(2'-hydroxyethanoxy)-2-
pentyltetrahydrofuran (168). 
The 1 H NMR spectrum of the less polar compound indicated the absence of a 
hydroxyl group since none of the signals disappeared on D2O exchange, and also 
because no substantial changes were observed in the locations and multiplicities of the 
signals when the solvent was changed to DMSO-d6. The compound was identified as 
an ether from the IR evidence which showed a strong absorption band at v 1050 cm-1 
corresponding to the C-O stretching frequency of an ether group. This less polar 
compound was identified as the polyether ( 169) by microanalytical data. 
(168) (169) 
The polyether (169) resulted from the attack of the alcohol (168) on the oxonium ion 
(170), and was the major product when controlled quantities of diol were used. An 
alternative attack by 1,2-ethanediol at the oxonium (170) would afford (168), and 
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indeed use of a vast excess of diol gave (168) as the major product. Therefore, 
1,2-ethanediol is not a suitable reagent for opening the ring of lactol (161) since the 
required alternative intramolecular attack by the primary alcohol at the oxonium 
intermediate (171) failed. 
~~ ( ""HO c,H,, 
OH 
(170) (171) 
Kinetic studies of acetal and ketal formation from diols indicate the following order 
of reactivity: HOCH2CMe2CH2OH > HO(CH2)2OH > HO(CH2)3OH. 125 Thus 2,2-
dimethyl-1,3-propanediol should be a better reagent for our synthesis than 
1,2-ethanediol. This was supported by Barton et al., 126 who were able to prepare the 
4-hydroxy acetal (173) from the hemiacetal (172) using 2,2-dimethyl-1,3-propanediol 
and p-toluenesulfonic acid. 
J:jOBn 
HO O 
(172) (173) 
The lactol (161) was, therefore, subjected to reaction with 2,2-dimethyl-1,3-propane 
diol under conditions similar to those used with 1,2-ethanediol. 121 ,122 Both conditions 
gave the desired 4-hydroxy acetal (174) in good yields. A small amount of 
5-(3'-hydroxy-2',2'-dimethylpropanoxy)-2-pentyltetrahydrofuran (175) was obtained 
as a side product and could be converted into compound (174) by further reaction in 
acidic solution. 
(174) (175) 
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The superiority of 2,2-dimethyl-1,3-propanediol over 1,2-ethanediol in acetal 
formation is probably due to steric interactions involving the gem-dimethyl group in the 
open chain form, which are reduced when the six membered cyclic acetal chair (174a) is 
formed. 
l . OH 
-----v~C5H11 
(174a) 
Application of this reaction with 2,2-dimethyl-1,3-propanediol in dry acetonitrile in 
the presence of anhydrous oxalic acid to the lactol (162) gave (3'5)-2-(3'-hydroxyhex-
5'-ene)-5,5-dimethyl-1,3-dioxane (176) in 85% yield. 
OH 
(176) 
The 1H NMR spectrum of the acetal (176) contained signals corresponding to the 
six-membered acetal moiety as two singlets at 8 0. 70 and 1.20 for the gem-dimethyl 
group, two doublets at 8 3.45 and 3.60 (J = 10.8 Hz) for the equatorial and axial 
protons at C-4 and C-6, and a triplet at 8 4.50 (J = 4.5 Hz) for the methine proton at 
C-2. The hydroxyl signal of the acetal (176) was observed as a broad singlet in CDC13 
at 8 2.50, but as a doublet at 8 4.48 (J = 4.3 Hz) when the spectrum was obtained in 
DMSO-d6. The methine proton of the carbon carrying the hydroxyl group appeared in 
CDC13 or DMSO-d6 as a multiplet at 8 3.55-3.72. The assigned structure was further 
confirmed by the MS and microanalysis. 
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The acetal ( 176) would be subsequently subjected to asymmetric epoxidation in 
which the stereocontrol should be exerted by the hydroxyl group. Such epoxidation will 
be discussed in the following section. 
2 .2 Asymmetric Epoxidation via I odocyclisation 
1,3-Asymmetric induction in the epoxidation of homoallylic alcohols can be 
achieved via iodocyclisation of either the phosphate (177) 79 or the carbonate 
( 178)80,83 ,84 (Chapter 3, Sections 1.3.1 and 1.3.2). Subsequent hydrolysis of the 
resulting cyclic intermediates affords the corresponding epoxy alcohols or triols, 
depending upon the reaction conditions employed, (Scheme 21). The resistance of the 
phosphate group to hydrolytic removal, however, prevents its application here. 
Accordingly, the alternative epoxidation via iodocyclisation of the carbonate ( 178), 
with subsequent hydrolysis allowing retention of the generated epoxide group but clean 
removal of the carbonate functionality, would clearly be our approach. The strategy was 
first explored using the commercially available penten-4-ol as a model compound. 
A~ ... RY'r"I ... RY'<1 
o, ~o o, .,....o OP03 Et p:--' p 
EtO.,..... 'OEt O::;:: 'oEt 
~ (177) 
RY'r"OH 
OH OH 
/ 
A~ RY'r"I ... RY'<1 
o, .,....OR' o, ..,..o OH C C II II 0 0 
(178) 
A'= U, t-Bu-
Scheme 21 
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2 .2 .1 I odocyclisation 
In 1982, Cardillo et a!. 83 ,84 reported iodocyclisation of carbonates, generated from 
the reaction of the lithium alkoxide of allylic or homoallylic alcohols with carbon 
dioxide and iodine, to give the corresponding iodo carbonates in 70-90% yield. The 
stereoselectivity of this reaction is in the range 10-12:1 in favour of the syn product 
with regard to the starting homoallylic alcohol. This prompted us to use a similar 
procedure for our synthesis. 
When the alkoxide of penten-4-ol, generated from the reaction of penten-4-ol with 
1.2 equivalents of n-butyllithium at -60 °C for lh, was reacted with carbon dioxide 
(gas) at -60 °C for 0.5 h, and then with 2.2 equivalents of iodine at -60 °C rising to 
room temperature overnight, the desired iodocarbonate (179) was obtained in 70-85% 
(179) 
yield after workup. The 1H Nl\1R spectrum of this compound showed a doublet at 8 
1.48 (J = 7.1 Hz) for the methyl signal at C-6, and two doublets of triplets at 8 1.70 (J 
= 14.0, 11.0 Hz) and 8 2.40 (J = 14.0, 3.0 Hz) corresponding to the axial and 
equatorial protons of C-5, respectively. Two doublets of doublets at 8 3.29 (J = 11.0, 
7.2 Hz) and 3.42 (J = 11.0, 4.5 Hz) corresponded to the methylene protons adjacent to 
the iodo group. H-4 and H-6 appeared as multiplets at 8 4.57-4.80 and 4.40-4.57, 
respectively. The MS showed a molecular ion at m/z 256 and fragment ions at m/z 194 
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Accordingly, the hydroxy acid (180), the substrate which would potentially lead to 
the synthesis of the esters (238a,b) was subjected to iodocyclisation under the 
conditions employed for the preparation of the iodo carbonate ( 179). A severe mixture 
was obtained indicating the excessive reactivity of the acid (180) in the iodocarbonation 
reaction. Hence the acid ( 180) is not a suitable starting material for the iodocyclisation 
reaction. 
0 
HO 
OH 
(180) 
Consequently, the hydroxy amide (159) was employed. When the above conditions 
were applied to this dime thy 1 amide, the 1 H NMR spectrum of the crude product 
indicated a mixture of compounds, and the IR spectrum contained carbonyl absorptions 
at v 1750, 1710 and 1640 cm- 1 indicating that it was a mixture containing a carbonate, a 
ketone and an amide. A broad hydroxyl group absorption at 3420 cm- 1 was also 
observed. The keto iodocarbonate (181), the ketone (182) and the starting amide (159) 
were isolated by flash chromatography. The structures of these compounds were 
elucidated by a combination of IR, NMR and mass spectroscopy. The ketones ( 181) 
and (182) resulted from the attack of n-butyllithium, the ionizing base, at the amide 
carbonyl group. In order to avoid such nucleophilic attack, a non-nucleophilic base 
0 
n-Bu 
0 0 
'C" 
II 
0 
(181) 
0 
n-Bu~ 
OH 
(182) 
such as sodium hydride or the use of a starting amide carrying bulky alkyl groups 
seemed to be necessary. 
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When sodium hydride was used as a base for generating the alkoxide ion of 
penten-4-ol, however, only 21-45 % yields of the desired iodo carbonate (179) were 
obtained under various conditions. The results are summarized in Table 11. 
Table 11 
solvent CO2 12 TY'' ~ + NaH ~ -. rt , 0.5h rt , 0 /N ONa o, ,.o OH 
C 
I 
0 (179) 
Equivalent Solvent Temperature Time(h) Yield(%) 
of base 
2.5 THF rt 2 26 
10 THF rt 3 0 
2.5 THF reflux 1 45 
2.5 D~ rt 2 0 
2.5 Dl\1E rt 1 21 
Clearly, sodium hydride was not a suitable reagent for this reaction. In order to 
determine if isopropyl groups would protect the amide function from intermolecular 
attack by the alkyllithium reagent under the conditions required for ionization of the 
hydroxyl group, the diisopropylamide (160) (prepared as described earlier) was treated 
with n-butyllithium at -60 °C for lh. If n-butyllithium reacted only as a base, 
quenching the reaction with saturated ammonium chloride solution should afford the 
starting amide (160). The pentyllactone (69), however,was obtained indicating an 
intramolecular attack at the amide car bony 1 group by the generated alkoxide. Thus 
4-hydroxy amides were not suitable starting materials for the synthesis of iodo 
carbonates, since nucleophilic attack either directly by the base or by the generated 
alkoxide occurred at the amide carbonyl group. 
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In view of the problems experienced with these iodocyclisation reaction on carbonyl 
derivatives, the hydroxy acetal (176), which does not contain any electrophilic centre, 
was used as a starting material for synthesis of a syn-3,4-epoxy alcohol. 
When the optimum conditions for the synthesis of the model iodo carbonate (179) 
were applied to the hydroxy acetal (176), a 1: 1 mixture of starting material (176) and the 
desired iodo carbonate ( 184) was obtained in 87% combined yield. The reaction 
conditions were altered by using different base combinations and different sources of 
gaseous carbon dioxide but without any satisfaction. The results are summarized in 
Table 12. 
Complete conversion of the starting material was not achieved under any of the 
above conditions. Presumably, the lithium alkoxide formed a stable chelated complex 
with the two oxygen atoms of the acetal group as in structure (183) and reaction of the 
alkoxide (183) with carbon dioxide was a reversible reaction. 127 Carbon dioxide 
(176) 
n-BulJ 
.. l Q;,,,~ Li' 
/~-- 0,,,, 
H 
(183) 
'!--o 
0~ 
~o 
O~I 
o,c,.o 
II 
0 
(184) 
OYOLi 
0 
+ (176) 
passing through the reaction at a pressure of one atmosphere failed to force the 
equilibrium towards the right, thus complete conversion was not obtained under 
the above conditions (Table 12). Attempts to activate the chelated complex (183), by 
solvating the lithium ion with N,N,N',N'-tetramethylethylenediamine and 18-crown-6 
were unsuccessful. 
t 
Table 12: 
Base 
n-BuLi 
n-BuLi 
n-BuL i 
n-BuLi 
n-BuL i 
n-BuLi/TMEDA 
n-BuLi/18-crown-6 
n-B uLi 
KH 
KH 
KH/18-crown-6 
-t~ 
OH 
(176) 
base 
THF -t~ 
OL1 
(183) 
CO2 X ~ 
-6ooc .. 2 l~--0 
0~1 
0 
'c_..o 
II 
0 
(184) 
Equivalents Temp(°C) Time(h) CO 2 Time(h) X2 Time(h) Results 
1 . 2 -60 1 . 0 0.5 12 5 SM:Pdt 
1 . 2 -60 1 . 0 0.5 12 1 6 SM:Pdt 
3 .0 -60 1 . 0 0.5 12 1 6 SM:Pdt 
5 .4 -60 1 . 0 0.5 12 1 6 SM:Pdt 
3.0 -60 1 . 0 3.0 12 1 6 SM:Pdt 
1.2/0.1 -60 1 . 0 2 .0 12 1 6 SM 
3.010.3 -60 1 . 0 0.5 12 1 6 SM:Pdt 
1. 2 -60 1.0 0.5 Br 2 16 
5 . 0 rt 1 . 0 0.5 12 1 6 SM:Pdt 
10 . 0 rt 2 . 0 1.0 12 1 6 complex 
mixture 
5 .0 /0 . 5 -40 1 . 0 0.5 12 1 6 SM:Pdt 
Ratio 
2: 1 
1 : 1 
1 : 2 
1 : 2 
1. 5: 1 
-
2: 1 
--
1 : 1 
4 : 1 
a) Yield of crude material expressed as% of the theoretical amount of the iodo carbonate (184). 
b) Percentage of starting material recovered from the r eac tion. 
Total yield 
73a 
87a 
86a 
Boa 
81a 
74b 
90a 
58a 
68a 
50a 
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Molecular iodine may also add to the double bond of the hydroxy acetal ( 176) to 
form an unstable diiodo compound which undergoes Ei elimination to give the starting 
material. This suggestion was supported when bromine was used, 128 and the 
1,2-dibromo compound (185) was isolated from the reaction (Table 12). 
to 
0 Br 
OH Br 
(185) 
In order to overcome the equilibrium problem, the reaction was carried out in a 
closed system with continuous introduction of carbon dioxide gas into the alkoxide 
solution at -60 °C for 1 hour. Hence, there was a vast excess of gaseous (and possibly 
solid) carbon dioxide in the reaction solution, enabling us to achieve complete 
conversion of the starting material (176) and giving, after iodination, the iodo carbonate 
(184) as the only product in 90-95% yield from the iodocyclisation process. 
The 1H NMR spectrum of the iodo carbonate (184) was in agreement with that 
obtained from the model iodo carbonate (179), showing two singlets at 8 0.75 and 
1.18, two doublets at 8 3.40 (J = 11.2 Hz) and 3.55 (J = 11.0 Hz) and a triplet at 8 
4.45 (J = 4.4 Hz) corresponding to the gem-dimethyl groups, the equatorial and axial 
methylene protons and the methine proton of the dioxane ring, respectively. H-3' and 
H-5' resonated as a multiplet at 8 4.60-4. 75, H-4' resonated as a multiplet at 8 
2.10-2.70 and as a doublet of triplets at 8 2.38 (J = 13.9, 3.0 Hz). Protons of the 
primary iodide were observed as two doublets of doublets at 83.20 (J = 10.7, 7.0 Hz) 
and 8 3.30 (J = 10.5, 4.3 Hz), and H-1' and H-2' a multiplet at 8 1.60-2.00. The 
structure of the iodo carbonate (184) was further confirmed by the MS which showed a 
molecular ion at m/z 384 and fragment ions at m/z 383 (M+-1) and 115 (C6H 110 2 +). 
--
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It is noteworthy that an alternative synthesis of the iodo carbonate ( 184) was 
possible via the t-butyl ester (186),80,82 which was generated from reaction of the 
lithium alkoxide (183) with 2[ ((t-butoxycarbony l)oxy )imino-2-pheny lacetonitrile] 
(BOC-ON). Icxlocyclisation of this ester gave the same iodo carbonate (184) in 80-85% 
overall yields from the homoallylic alcohol (176). 
This route also supports the above postulate that an equilibrium indeed exists in the 
carbonation when carbon dioxide is used, 127 since complete consumption of the starting 
material resulted when BOC-ON was employed affording the t-butyl carbonate ester 
( 186) in 99% yield. 
1'0 
0 
2 .2 .2 Epoxide formation 
~ 
oyo -1-
o 
(186) 
Syn-3,4-epoxy alcohols have been reported as being obtained in good yield from 
methanolysis of the corresponding iodo carbonates with amberlyst A 2684 or anhydrous 
potassium carbonate in methanoI.80•129 Hence, the model iodo carbonate (179) was 
methanolysed with anhydrous potassium carbonate in dry methanol to give the desired 
(±)-hydroxy epoxide (187) and the undesired (±)-dihydroxy ether (188) in 36 and 4% 
yields, respectively. The dihydroxy ether (188) arose from the direct attack of 
~ 
OH 
(187) 
~OMe 
OH OH 
(188) 
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methoxide ion at the less hindered side of the epoxide (187). The low yield of product is 
presumably due to the volatility of the compound leading to loss on rotary evaporation. 
Nevertheless, a 74% yield of the epoxy alcohol (189) as a 19:1 mixture of 
diastereomers at C-5' (determined by GC analysis) and a 5% yield of the dihydroxy 
ether ( 190) were obtained from methanolysis of the iodo carbonate ( 184) with 2 
equivalents of anhydrous potassium carbonate in dry methanol at -20 °C for 36 hours. 
5' 5' OMe 
0 
OH OH OH 
(189) (190) 
Greater proportions of the ether (190) (20-30%) resulted when the reaction was carried 
out at higher temperature (e.g., room temperature) or when a greater excess of 
anhydrous potassium carbonate was used. The 1 H NMR of the epoxide ( 189) showed 
two singlets at 8 0. 75 and 1.20, two doublets at 8 3.42 (J = 11.2 Hz) and 3.60 (J = 
11.0 Hz) and a triplet at 8 4.50 (J = 4.3 Hz) corresponding to the gem-dimethyl groups, 
equatorial and axial methylene protons and the methine proton of the dioxane ring, 
respectively. A doublet of doublets at 82.50 (J = 2.7, 4.9 Hz) and a triplet at 82.80 (J 
= 4.5 Hz) were assigned to the epoxy protons at C-6', and another doublet of doublets 
at 8 2.57 (J = 2.7, 4.9 Hz) corresponding to H-6' of the second diastereomer was also 
observed. A multiplet at 8 3.02-3.15, a multiplet at 8 3.90 and a multiplet at 8 
1.50-1.90 corresponded to H-5', the methine proton of hydroxyl-carrying carbon and 
the six methylene protons, respectively. The structure was confirmed by the MS which 
showed a molecular ion at m/z 230 and fragment ions at m/z 229 (M+ -1), 173 
(M+-c3H50) and 115 (C6H 110 2 +). 
--
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Hence, the desired epoxide (189) has been synthesized in 74% yield. It is essentially 
optically pure (3'S,5'S)-material containing only 5% of the (3'S,5'R)-diastereomer. 
This composition is visible both by N}vfR and GC analysis. It reflects, of course, the 
composition of the precursor iodo carbonate ( 184 ), where the presence of the other 
isomer was not apparent in the N1v1R spectrum and where the instability prevented GC 
analysis. The details of its conversion into a 1,3-diol by a displacement reaction with 
lithium divinylcuprate will be discussed below. 
2 .2 .3 Epoxide opening 
In 1984, Lipshutz et al. 129 reported the synthesis of the dihydroxy olefin (192) in 
good yield from a displacement reaction of lithium divinylcyanocuprate on the epoxide 
(191). When Lipshutz's procedure was applied to the epoxide (189), 50% of the 
(191) (192) 
desired compound (193) and 30% of starting material were obtained. The desired 
compound (193) was, however, contaminated by a phenyl adduct (194). This phenyl 
impurity resulted during the generation of vinyl lithium from the reaction of tetravinyl 
tin with phenyl lithium (for further explanation see Chapter 4, Section 2. 7). The 
reaction conditions were improved by using three equivalents of lithium 
divinylcyanocuprate to give a 4:1 mixture of the desired compound (193) and the phenyl 
compound ( 194) in 85 % combined yield after purification by chromatography. 
Ao Ao 0 0 
5' 3' 5' # 3' 
Ph 
OH OH OH OH 
(193) (194) 
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Further purification was based on the solubility differences. Compound ( 194) 
solidified after it had been stored overnight in a refrigerator, and then became insoluble 
in hexane. Thus, by washing the refrigerated mixture with hexane, subsequent filtration 
and evaporation of the filtrate enabled us to remove almost all the phenyl impurity ( 194) 
from the olefin (193). The 1H NMR spectrum of the dihydroxy olefin (193) showed 
two singlets at 8 0.70 and 1.12, two doublets at 83.40 (J = 10.7 Hz) and 3.60 (J = 
11.0 Hz) and a triplet at 8 4.50 (J = 4.3 Hz) corresponding to the gem-dimethyl groups, 
the equatorial and axial methylene protons and the methine proton of the dioxane ring, 
respectively.The allylic protons resonated as a doublet of doublets at 8 2.23 (J = 7.3, 
5.9 Hz). Multiplets of 6:2:2: 1 proton intensity at 8 1.40-1.85, 3.80-4.00, 5.00-5.20 
and 5.70-5.95 were assigned to the methylene protons at C-1', C-2' and C-4', the 
methine protons at C-3' and C-5', and the olefinic protons at C-8' and C-7', 
respectively. The structure was confirmed by the MS which showed fragment ions at 
m/z 257 (M+-1 ), 217 (M+-c3H5), 173 (C9H 170 3 +) and 115 (C6H 110 2 +). The olefin 
(193) was a 19: 1 mixture of diastereomers at C-5', i.e., essentially optically pure, the 
diastereomeric impurity reflecting the optical purity of the starting epoxide. 
In this reaction sequence, involving asymmetric epoxidation followed by ring 
opening with lithium divinylcyanocuprate, we were able to synthesize a homoallylic 
alcohol analogue with a two carbon homologation. By repetition of the same reaction 
sequence, an extended chiral f3--polyol system can then be synthesized. In this process, 
the chirality of the hydroxy acetal (176) derived initially from (S )-glutamic acid is 
relayed successively to hydroxyl functionalities of the resulting polyol. 
2.3 Iterative Extension of the Chiral [3-Polyol System 
The dihydroxy olefin (193) was converted into its analogue with a two carbon 
homologation by repeating the epoxidation and cuprate displacement reactions. Details 
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of the synthesis will be discussed below. 
2 3 .1 Formation of the higher iodo carbonate and epoxide 
Asymmetric epoxidation of the dihydroxy olefin (193) was again performed via 
iodocyclisation of the corresponding carbonate anion. Subsequent methanolysis of the 
iodo carbonate (195) gave the hydroxy epoxide (196). 
OH 0...._ ,....0 
C 
OH OH 
II 
0 
(195) (196) 
The iodo carbonate ( 195) was obtained in 71 % yield from reaction of the dihydroxy 
olefin ( 193) with n-buty llithium, followed by reaction of the resulting alkoxide with 
carbon dioxide gas at -60 °C. Iodocyclisation was performed by reacting the carbonate 
anion with iodine. The carbonation process was carried out in the same manner as the 
previous experiment, in a closed system with continuous introduction of carbon dioxide 
gas under pressure for 1 hour at -60 °C. 
As in the case of the lower homologue (183) the lithium cations of the alkoxides of 
H 
½i-- 0 ,,,, 5' 
" . , 
. ' 
. ' 
. ' 
. ' 
o/ o 
(197a) 
--
OU 
LiO 0 y 
0 
oyou 
0 
+ 
X 
0 0 
(197b) 
OH o
0
o 
0 
(195) 
28 
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the diol (193) presumably formed a chelated complex of either type of (197a) or (197b), 
the two oxygen atoms of the acetal moiety favouring the equilibrium in the carbonation 
step lying towards to the left (reaction 28). 
The 1H NMR spectrum of the iodo carbonate (195) was comparable with that 
obtained from the model iodo carbonate (179). It showed two singlets at 8 0.75 and 
1.20 corresponding to the two methyl groups of the dioxane ring. The two protons at 
C-6' of the carbonate moiety appeared as a multiplet at 8 1.90-2.10 and a doublet of 
triplets at 8 2.50 (J = 13.9, 3.0 Hz). Two multiplets at 8 4.38-4.50 and 4.60-4.80 were 
assigned to H-5' and H-7' of the carbonate group, and the methylene protons of the 
carbon bearing iodine appeared as two doublets of doublets at 8 3.30 (J = 10.7, 7.0 Hz) 
and 3.40 (J = 10.5, 4.1 Hz). The methine proton of the hydroxyl-carrying carbon 
resonated as a multiplet at 8 3. 75-3.90, the methylene protons of the dioxane ring as 
two doublets at 8 3.45 and 3.60 (J = 11.0 Hz), and the methine proton of the dioxane 
ring as a triplet at 8 4.50 (J = 4.4 Hz). The assigned structure was further confirmed by 
the MS which showed fragment ions at m/z 427 (M+-1), 341 (M+-C5H 110) and 115 
(C6H1102 +). 
When the reaction was carried out in a system where only one atmospheric pressure 
of carbon dioxide was applied, however, mixtures of the starting material (193) and the 
product ( 195), or of the iodo ether (198) and the product ( 195) were obtained in ratios 
of 1-2:1. Mixtures of the iodo ether (198) and the product (195) were obtained 
OH 
5' 
3' 7 0 0 
~a 
(198) 
II 
I, 
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when iodocyclisation was performed at -60 °C and the temperature was allowed to 
increase slowly to room temperature. On the other hand, if the temperature was raised 
slowly to between -10 °C and O °C, after workup, a mixture of the starting material 
(193) and the product (195) resulted. The iodo ether (198) arose from the attack of the 
alkoxide ion at C-3' on the iodonium intermediate at C-7', possibly at a temperature 
higher than O °C. The 1H NMR of the ether ( 198) showed two singlets at 8 0. 70 and 
1.20, two doublets at 8 3.40 (J = 11.0 Hz) and 3.60 (J = 10.9 Hz), and a triplet at 8 
4.50 (J = 4.4 Hz) corresponding to the gem-dimethyl groups, equatorial and axial 
protons at C-4 and C-6, and the methine proton at C-2 of the dioxane ring, respectively. 
A doublet of doublets of two proton intensity at 8 3.15 (J = 8.1 Hz) was assigned to the 
methylene protons of the primary iodide. The methine protons at C-3' and C-7' 
resonated as a multiplet at 8 3. 70-3.90, and a triplet at 8 4.25 (J = 3.0 Hz) 
corresponded to the methine proton of hydroxyl-carrying carbon. The assignments were 
confirmed by a homonuclear decoupling experiment which simplified the multiplet at 8 
3. 70-3.90 on irradiation of the signal at 8 3.15 and vice versa. Only slight change was 
observed at 8 1.25-2.10 ( corresponding to the methylene protons, except for those of 
the primary iodide) when the signal at 8 4.25 was irradiated. The assigned structure was 
further confirmed by the MS which showed M+-1 at m/z 383 in the electron impact MS 
and M+ + 1 and M+ +NH4 + at m/z 385 and 402, respectively, in the chemical ionization 
MS. The alternative attack of the alkoxide at C-5' on the iodonium intermediate at C-8' 
was not observed. 
It is noteworthy that the alternative carbonation of the lithium alkoxides of the 
dihydroxy olefin (193) using BOC-ON gave a complex mixture containing the cyclic 
carbonate (199) plus other unidentified compounds. The carbonate (199) resulted from 
the attack of the neighbouring alkoxide on either of the possible mono-t-butyl carbonate 
ester intermediates (200), which contain t-butoxide as a leaving group. The structure of 
the cyclic carbonate (199) was identified by a combination of 1H NMR and mass 
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spectroscopy. Hence, in the case of this higher homologue, this procedure proved to be 
poor since a complex mixture was obtained. Thus, carbonation using gaseous carbon 
dioxide was the better route for the synthesis of the iodo carbonate ( 195) and now 
provided the means to synthesize the epoxide ( 196). 
~o 
0 
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0 
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The dihydroxy epoxide ( 196) was obtained as a 42: 1 mixture of diastereomers in 
85% total yield from methanolysis of the hydroxy iodo carbonate (195) with anhydrous 
potassium carbonate in methanol. The two diastereomers were separated by flash 
chromatography. The 1H NMR spectrum of (3'S,5'S,7'S)-(196) showed two singlets 
at 8 0.72 and 1.20, two doublets at 8 3.42 (J = 10.8 Hz) and 3.60 (J = 10.6 Hz) and a 
triplet at 8 4.50 (J = 4.5 Hz) corresponding to the gem-dimethyl group, equatorial and 
axial protons at C-4 and C-6 and the methine proton of the dioxane ring, respectively. 
The two epoxy protons at C-8' were observed as two doublets of doublets at 8 2.50 (J 
= 5.0, 2.8 Hz) and 2.80 (J = 4.2, 4.9 Hz), and H-7' as a multiplet at 8 3.08-3.19. 
Three multiplets of 8:1:1 proton intensity at 81.45-1.90, 3.75-3.98 and 4.00-4.18 were 
assigned to the methylene protons and the methine protons at C-3' and C-5', 
respectively. The 1H NMR spectrum of the other diastereomer is similar to that of the 
epoxide (196) except for the resonances of H-3' and H-5' which were observed as 
multiplets at 8 3.85-4.01 and 4.15-4.30, respectively. 
OH OH OH 
(189) (196) 
Ii 
-
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The optical impurity at C-5' and C-7' arises from the minor diastereomer present in 
the dihydroxy olefin starting material (193), which was a 19: 1 mixture of 
diastereomers. There are four possible diastereomers that could be obtained from this 
reaction, i.e., 3'S,5'S,7'S, 3'S,5'S,7'R, 3'S,5'R,7'R and 3'S, S'R,7'S. The new 
chirality generated at C-7' must, from the iodocyclisation mechanism, be preferentially 
syn related to the initiating chirality at C-5'. Therefore, the fourth of these possible 
isomer can be neglected, since it would result only as a minor product from the 5% 
impurity in the starting material. Accordingly the minor diastereomer obtained must 
have the configuration 3'S,5'S,7'R or 3'S,5'R,7'R. 1H NMR evidence indicated that it 
was probably the (3'S,5'R,7'R) isomer (196a), since the chemical shifts of the methine 
protons at C-3' and C-5' of this minor isomer (196a) were shifted relative to those of 
the major isomer (196) itself, while the epoxy protons of these two diastereomers were 
superimposed. This implies that the epoxide in both isomers ( 196) and ( 196a) bears the 
same syn configuration relation to the adjacent hydroxyl group at C-5', i.e., that the two 
isomers are 3'S,5'S,7'S and 3'S,5'R,7'R. This conclusion is supported by the 1H 
N11R resonances of the lower homologue epoxide (189) and its diastereomer, where 
alteration of this relative stereochemistry from syn to anti caused a ahift in the epoxide 
methylene protons. 
3' 5' 
OH OH 
(196a) 
7' 
,,, 
·o 
Interestingly, only one diastereomer resulted from each isomer in the second iodo 
carbonation process. Hence, the second iodo carbonation involving a more complex 
substrate, gave a much better stereoselectivity than the first. The results are consistent 
with those obtained by Lipshutz and Kozlowski. 129 
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Now the same procedure used for the conversion of the monohydroxy epoxide 
(189) to the homoallylic alcohol (193) can be applied to the dihydroxy epoxide (196) to 
synthesize the higher homoallylic alcohol (202). 
2.32 Cuprate displacement on the epoxide (196) 
The diol functionality of the epoxide (196) was protected as its acetonide derivative 
(201) by the known procedure130,131 in 85% yield prior to the cuprate displacement 
reaction. The epoxide (201) was then subjected to cu prate displacement which resulted 
in attack at the less hindered carbon by lithium divinylcyanocuprate to give a 4: 1 mixture 
of the homoallylic alcohol (202) and the corresponding phenyl adduct (203) in 85% 
combined yield. These two compounds were inseparable by flash chromatography. The 
phenyl impurity resulted, as above, from the procedure adopted for the preparation of 
vinyllithium (for further explanation see Chapter 4, Section 2.7). 
(201) (202) 
Ph 
X OH 
(203) 
Our synthetic investigation leading to the ,B-polyol system of the compound (202) 
was conceived and commenced in 1983. In 1984, Lipshutz and Kozlowski 129 
published a similar strategy for the asymmetric synthesis of a syn-1,3-polyol system 
from a simpler starting epoxide (204) which involved epoxide opening by lithium 
divinylcyanocuprate to give a homoallylic alcohol, which was then epoxidised via 
' 
129 
iodocyclisation. Repetition of the same reaction sequence resulted in synthesis of a 
syn-,8-polyol system. As indicated earlier (Section 2.2.3), our application of the higher 
order lithium diorganocyanocuprate stemmed from Lipshutz and Kozlowski's use of 
this reagent. Their route, however, was developed only as a model procedure, and was 
not applied directly to the synthesis of any natural target molecules. In contrast, our 
0 H,,,,µ 
"---· 
, OCH
2
Ph 
(204) 
route has been applied to the asymmetric synthesis of two important fragments of the 
polyene macrolide antibiotics, amphotericin B and nystatin. The synthesis of these two 
fragments not only provides two potentially useful synthons for the total synthesis of 
these antibiotics, but also permits the conclusive definition of the absolute 
configurations at C-3, C-5 and C-7 of nystatin. Furthermore, our route gave higher 
stereoselectivity (19-42: 1) than that of Lipshutz and Kozlowski ( 10-20: 1 ). 
2 .4 Syntheses of the Hydroxy Esters (237a,b) and (238a,b) 
The hydroxy esters (237a,b) and (238a,b) represent (the enantiomers) of the C-1 to 
C-8 fragment of amphotericin B (8) and the C-1 to C-10 fragment of nystatin (7), 
respectively. The absolute configuration of amphotericin Bis based upon X-ray crystal 
analysis and is secure. A synthesis of the ester (237a,b), therefore, does not contribute 
to the absolute configuration of amphotericin B, but permits methodology to be 
established and provides access to a potentially useful synthon for the total synthesis of 
this antibiotic. The synthesis of the hydroxy esters (238a,b) utilizes this methodology, 
confirms the configurational conclusions at C-3 and C-5 of the naturally-derived esters 
(41a,b) and of nystatin that have been drawn in Chapter 2, and establishes the 
130 
configuration at C-7. Furthermore it provides access to a second potentially useful 
synthon for polyene macrolide synthesis. The esters (237a,b) and (238a,b) could be 
obtained from the olefins (193) and (202), respectively. Completion of the synthesis of 
the two esters necessitates cleavage of the double bonds in the corresponding olefins 
(193) and (202) to give the acids. Subsequent hydrolysis of the acetals to aldehydes, 
which would cyclise to hemiacetals, followed by methylation, would then give the 
desired compounds. 
0 OMe 
... 
... MeO 1 
OH OH 
(193) (237a,b) 
--to 
0 Meo 1 
oxo OH 
(238a,b) 
(202) 
2 .4.1 Oxidative cleavage of olefins 
The next step of our synthesis was degradation of the double bonds of the olefins 
(193) and (202) to obtain the corresponding acids. 
Frequently, organic chemists use olefins as a latent functionality for aldehydes, 
ketones and acids, since they are inert to a number of chemical reactions. There are a 
number of strategies for degrading double bonds, such as ozonolysis 132 and oxidative 
cleavage using osmium tetroxide-sodium metaperiodate, 133 potassium per-
manganate-sodium metaperiodate 134-138 or ruthenium tetroxide-sodium meta-
periodate.139,140 
OMe 
r 
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Ozonolysis is one of the most common practical methods for degradation of a carbon 
double bond carbon to give the corresponding acid. There are two different ways of 
performing this process: 1) ozonolysis of the double bond with reductive workup to 
give an aldehyde, which is subsequently oxidised to give the acid, and 2) ozonolysis of 
the double bond with oxidative workup to give the acid directly. It has been shown that 
the former route is the better method for synthesis of the acid. Alternatively, an acid can 
also be obtained from an olefin by degradation with osmium tetroxide-sodium 
metaperiodate, followed by oxidation of the resulting aldehyde to give the acid, or by 
direct conversion to the acid with potassium permanganate-sodium metaperiodate or 
ruthenium tetroxide-sodium metaperiodate. 
In view of the value of the olefins (193) and (202), these oxidation procedures were 
first explored with model compounds. 
1. Ozonolysis of cyclohexene as a model 
Initially we planned to degrade the double bond by ozonolysis with reductive 
workup, followed by oxidation of the resulting aldehyde to give the corresponding acid. 
In 1985, Heathcock et al. 141 reported the synthesis of the ester (208) from the olefin 
(205); the olefin (205) was degraded into the corresponding aldehyde (206) by 
ozonolysis, and the aldehyde (206) was then oxidised with pyridinium dichromate to 
oxo 
-
AcO ,, 
·' o· -
Ph> 
(205) 
~ AcO 
-
0 
X 
(206) X = H 
(207) X = OH 
(208) X = OMe 
11 
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afford the acid (207) in good yield. This prompted us to use the same procedure for our 
synthesis. In order to establish its viability, cyclohexene was used as a model 
compound. 
When cyclohexene was subjected to ozonation in methanol at -60 °C, subsequent 
reductive workup using dimethylsulfide141 •142 gave a mixture of three compounds 
which were separated and identified by 1 H NMR and mass spectroscopy as 
1, 1,6,6-tetramethoxyhexane (209), 6,6-dimethoxyhexanal (210) and hexan-1,6-dial 
(MeO)2CH(CH2)4CH(OMe)2 
(209) 
OHC(CH2)4 CHO 
(211) 
(Me0)2CH(CH2)4CHO 
(210) 
(211). The acetals (209) and (210) resulted from reaction of the aldehyde (211) with 
methanol, probably promoted by traces of acid in the dimethylsulfide. 
In order to avoid acetal formation, it was necessary to buffer the reaction solution 
with base or to use non-nucleophilic solvents, such as ethyl acetate or dichloromethane. 
When ozonolysis of cyclohexene was carried out in methanol in the presence of sodium 
bicarbonate, 143 or in ethyl acetate or dichloromethane, 144 the desired dialdehyde (211) 
was obtained, but only in 30-35% yields. Accordingly, we turned our attention to an 
oxidative workup procedure. 
The ozonolysis of cyclohexene with oxidative workup using alkaline hydrogen 
peroxide to give adipic acid, 145 and ozonolysis of cyclohexene in a IM solution of 
anhydrous hydrochloric acid in methanol to give dimethyl adipate146 were investigated . 
.. 
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The desired dicarboxylic acid (212) and the hydroperoxide (213 ), however, were 
obtained in 41 and 21 % yields from the former reaction, while the diester (214) 
resulted in only 16% yield from the latter conditions. These two procedures were not 
examined further since the peroxide workup was carried out in refluxing alkaline 
solution in which the ,B-hydroxy aldehydes and acids derived from our substrates (193) 
and (202) would be unstable, while the acidic methanolic conditions were also 
unsuitable due to the cumbersome procedure, long reaction time and reflux temperature 
required. 
(212) 
HOO 
I 
HC(CH2)4CO2H 
I 
MeO 
(213) (214) 
Since ozonolysis was not a good procedure for our synthesis , we examined other 
reagents. 
2. Oxidative cleavage by potassium permanganate-sodium metaperiodate134-138 
The hydroxy olefins (215) and (216) were reported to be selectively oxidised at the 
double bond by a mixture of potassium permanganate and sodium metaperiodate in, 
CH3(CH4)5CHCH2CH=CH(CH2)5CH20H I K2C03, rt OAc 
(215) 
(216) 
Na10iKMn04 
5-10 °C 
CH3(CH2)5CHCH2C02H I 
OAc 
(217) 
+ H02C(CH2)5CH 20H 
(218) 
0 
(219) 
- 26 
- 27 
I! 
II 
134 
respectively, the presence and absence of potassium carbonate, to give the 
corresponding hydroxy acids (217), (218) and (219) in good yields (reactions 26 and 
27).134-138 
These procedures which might be useful for our synthesis were first examined using 
the previously prepared hydroxy olefin (176) as a model compound. The olefin (176) 
should exhibit similar reactivity to (193) and (202) since it also contained a homoallylic 
hydroxyl functionality. 
When the olefin (176) was subjected to oxidation using sodium metaperiodate-
potassi um permanganate in aqueous acetone in the presence 136 and absence of 
potassium carbonate, 134 mixtures of hydroxy acid (220) and keto acid (221) were 
obtained in a ratio of 2: 1, in 38% and 70% combined yields, respectively. The 
substantial oxidation of the free alcohol function by these reagent combinations 
precludes their use in our synthesis. 
,ro~C02H 
""-O HO 
(220) 
,(
0
~co,H f"-'o o 
(221) 
3. Oxidative cleavage by ruthenium tetroxide-sodium metaperiodate139 
In 1980, Roberts et al. 139 reported the synthesis of the tricyclic lactone (223) from 
oxidative cleavage of the double bond of compound (222) with ruthenium 
dioxide-excess sodium metaperiodate in aqueous acetone to give a carboxylic acid 
intermediate which underwent cyclisation through displacement of the tosylate group to 
give the lactone (223) in 80% yield. The possible application of this procedure139,140 
to the olefins (193) and (202) was first examined using cyclohexene as a model 
1, 
I: 
OTs 
,,, ,,, 
·o· 
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(222) 
135 
,,,''"-/ 
(223) 
compound, the expected adipic acid being obtained in 75% yield. Accordingly, the 
olefin (193) was protected as the acetonide derivative (224) in 76% yield by a known 
procedure. 130,131 Compound (224) was then subjected to oxidation under the same 
conditions used for olefin (222) to afford the desired acid (225) in 94% yield. 1 H NMR 
(224) (225) 
spectrum of the acid (225) showed two singlets at o 0. 71 and 1.18, two doublets at o 
3.40 (J = 11.0 Hz) and 3.59 (J = 11.0 Hz) and a triplet at o 4.42 (J = 4.6 Hz) 
corresponding to the gem-dimethyl groups, the equatorial and axial methylene protons 
and the methine proton of the dioxane ring, respectively. The gem-dimethyl groups of 
the acetonide moiety resonated as two singlets at o 1.38 and 1.44. Two doublet of 
doublets at 8 2.48 (J = 15.9, 5.7 Hz) and 2.52 (J = 15.9, 7.1 Hz), two multiplets at o 
3.75-4.95 and 4.15-4.38 and a singlet at o 9.52 were assigned to the methylene 
protons adjacent to the carboxyl group, the methine protons at C-3 ' and C-5' and the 
carboxyl proton, respectively. The assigned structure was confirmed by the MS which 
showed fragment ions at m/z 315 (M+-1), 301 (M+-cH3), 257 (M+-cH2COOH) and 
115 (C6H 110 2 +). 
Similarly, the unseparated 4: 1 mixture of hydroxy olefin (202) and the phenyl 
impurity (203) was converted into the tetrahydropyran derivatives (226) and (227) in 
136 
4: 1 ratio 1n 99% combined yield, 130, 131 and these could be separated by flash 
chromatography. Oxidative cleavage of the olefin (226) under the same reaction 
conditions used for the lower homologue (224) 140 then gave the desired acid (228) in 
88% yield. The structure of the acid (228) was confirmed by its 1H NMR and mass 
spectroscopy, which were comparable with those obtained from the lower homologue 
acid (225) except for the resonances which corresponded to those of the 
tetrahydropyran ring also being observed in the 1 H NMR spectrum of the acid (228). 
Ph 
OTHP OTHP 
(226) (227) 
X 
(228) 
2.4.2 Hydrolysis of the 1,3-dioxanes 
The next step in our synthesis was to remove all the acetal protecting groups, both 
dioxane and tetrahydropyran, from the acids (225) and (228). The acid hydrolysis of 
such acetals is widely reported in the literature. For our purpose, we required conditions 
which were not only efficient, but also sufficiently mild to avoid destruction of the 
resulting acid-sensitive hydroxy aldehydo acids. In order to define such conditions, a 
number of reactions were investigated using as a model compound the previously 
prepared hydroxy acetal (174). The results are summarized in Table 13. 
t 
Table 13: 
>C:~c sH 11 
(174) 
Entry Reagent Ref. Solvent 
1 s·o 142 wet 1 2 CH 2 Cl 2 
2 . 1 42 S10 2 /10%C 2 H2 0 4 CH 2 Cl 2 
3 . 142 S10 2 /15%H 2 S0 4 CH 2 Cl 2 
4 anh. MgS0 4 
143 
wet benzene 
5 PPTS 126 wet acetone 
6 PPTS 126 wet acetone 
7 80% AcOH 144 AcOH, H2 0 
8 PdCl 2 (CH 3 CN) 2 145 wet acetone 
9 PdCl 2 (CH 3 CN) 2 145 wet acetone 
1 0 H Cl /H 0146,147 g 2 g wet acetone 
1 1 Zn-Ag/AcOH 1 48 THF 
1 2 88% HCOOH 149 HCOOH, H2 0 
.... 
HQ+ 3 
... 
Temp(°C) 
rt 
rt 
rt 
rt 
rt 
reflux 
rt 
rt 
rt 
rt 
rt 
0 
-, 
n HO O CsH11 
(161) 
Time(days) Result 
5 SM 
5 70% SM+ unidentified Cpds 
2 40% SM+ unidentified Cpds 
3 SM 
3 SM 
1 complex mixture 
7 complex mixture 
2 SM 
5 25%SM + unidentified Cpds 
5 SM 
5 SM 
4h 71% Pdt 
II 
II 
1, 
137 
The conditions used in entries 1-5 and 8 (Table 13 ), which were effective on 
1,3-dioxolanes and open-chain dialkyl acetals, were too mild to achieve the hydrolysis 
of the acetal (174) which possesses a 1,3-dioxane moiety. The results (entries 1-5 and 
8) were supported by the order of reactivity in acetal hydrolysis that was reported by 
Newman et al. 125 Neither refluxing conditions nor the use of a stronger acid and long 
reaction time (entries 6 and 7), however, were suitable for our system since a complex 
mixture was obtained in each case. 
is hydrolysed faster than 
is hydrolysed faster than 
With this information in mind, we searched for conditions that have been applied 
specifically in the hydrolysis of 1,3-dioxanes. 
Corey et a/. 151 ,153 reported the hydrolysis of the acetal (229) to the aldehyde (230) 
using mercuric chloride-mercuric oxide in acetone, 151 and of the acetal (231) to give the 
aldehyde (232) using zinc-silver in tetrahydrofuran and acetic acid. 153 When these 
(229) 
(231) 
(230) 
~OCOPh 
V,,,,,~CHO 
(232) 
1, 
II 
1, 
Ii 
II 
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conditions were applied to the acetal (174) (entries 10,11), no reaction occurred. 
Presumably, the 1,3-dioxane (229) was more reactive than the acetal (174), since the 
acetal (229) contained a double bond inside the dioxane ring. The acetal (231) possesses 
two bromo groups at C-5 of the dioxane ring, and under the conditions employed, 
Zn-Ag probably first donated electrons to one of the bromine atoms, causing E
2 
elimination assisted by protonation of an oxygen atom of the acetal ring (Figure 20). 
Rv~DBr~ 
H'f o~Br in-Ag 
H 
(Figure 20) 
When the acetal (174) was subjected to hydrolysis using 88% formic acid154 (entry 
12), 71 % of the desired product (161) was obtained. The herniacetal (234), however, 
was obtained in only 52% yield when the acetal (233) (another model compound 
available from earlier work) was hydrolysed under the same conditions. Apart from the 
moderate yield, the disadvantages of these reaction conditions were the difficulty in 
monitoring the reaction and the removal of formic acid on workup. 
Ph 
X 
n ~H Ph 
HO,-A.._o~ 
(233) (234) 
An alternative trans-acetalization of the acetal ( 174) by acidic methanol should 
provide the methyl acetal (68) in one step. Furthermore, these conditions should not 
only remove the acetals from the acids (225) and (228), but should also simultaneously 
esterify the carboxyl group. Thus, this might be a much better procedure for our 
139 
synthesis. 
No reaction occurred when the acetal (174) was reacted with 5% hydrochloric acid 
in methanol at O °C for 6 hours. Nevertheless trans-acetalization was achieved 
beautifully when the reaction was carried out using 10% hydrochloric acid in methanol 
at room temperature for 2 hours. The volatile acetal (68) which was detected on 1lC 
was, however, lost upon rotary evaporation, and was undetected in 1H NMR spectrum 
of the crude material which showed only the protecting diol, 2,2-dimethyl-
1,3-propanediol. In order to confirm the result, the acetal (233) was subjected to 
OH j\ ¥n Ph 
MeoAo~ 
(68) (236) 
trans-acetalization under the same methanolic acid conditions, and 85% of the methyl 
acetal (236) was obtained. 
When the acids (225) and (228) were subjected to this acidic methanolysis, 
concomitant cleavage of all the protecting groups as well as esterification of the carboxyl 
groups occurred to give the esters (237a,b) and (238a,b) in 32 and 14% purified yields, 
respectively. TLC and 1H NMR spectra of these crude materials, however, indicated the 
presence of only the desired products and the protecting diol, and furthermore, high 
crude recoveries were obtained. Hence, the low yields obtained of the two pure esters 
were presumably due to their instability to chromatography, either because acid 
catalysed demethoxylation at the acetal function or trans-acetalization with the diol 
present in the crude product, especially in the case of the esters (238a,b) where their 
polarities and that of 2,2-dimethyl-1,3-propanediol are the same. In an attempt to avoid 
loss by acid catalysed reactions, phosphate impregnated silica gel was used but without 
140 
any improvement. In this case, the loss might be due to the reaction of the hydroxyl 
groups with phosphate itself, promoting subsequent decomposition. 
OMe 
Meo Meo 
(237a,b) (238a,b) 
The two esters (237a,b) and (238a,b) were as expected 1: 1 mixture of diastereomers 
at the acetal carbons as estimated by 1H NMR. The 1H NMR of the synthetic esters 
(237a,b) is identical to that of the natural esters(54a,b). As expected the synthetic and 
natural esters gave opposite rotation curves, since as described earlier in chapter 4 we 
deliberately began our synthesis with the cheaper (S)-glutamic acid. Accordingly, the 
synthetic esters (237a,b) are the enantiomers of the natural esters derived from 
amphotericin B. 
The 1H NMR and 13C NMR spectra of the synthetic esters (238a,b) are identical to 
those of the esters (41a,b) derived from nystatin. Furthermore the synthetic and natural 
esters, again as expected, give opposite rotation curves. We have synthesized the 
compound with all (SJ-configurations at each of the carbon centres C-3, C-5 and C-7. 
The configurations of these three centres in the natural esters (41a,b) and of the 
corresponding centres in the parent antibiotic nystatin are therefore all (R). Thus, this 
synthesis confirms the configurations at C-3 and C-5 of the esters (41a,b) and of 
nystatin as defined earlier by degradative chemistry and spectroscopy, and establishes 
that at C-7. The full configurational information on nystatin can now be expressed in the 
structure (7a), in which only seven chiral centres now remain undefined. 
(7a) 
2 .5 Conclusion 
141 
OH NH 
L~tOH 
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We have developed a versatile methodology leading to the asymmetric synthesis of 
chiral ,8-polyol systems from the chiral homoallylic alcohol (176), which derives its 
chirality from (S)-glutamic acid via the allyllactone (138) (Scheme 22). The strategy 
involved an asymmetric epoxidation of the homoallylic alcohol (176) via iodocyclisation 
to give the iodo carbonate (184 ), subsequent methanolysis of which gave the hydroxy 
epoxide (189). Displacement of the epoxide (189) with lithium divinylcyanocuprate 
gave the chiral ,8-diol ( 193 ). Repetition of the same reaction sequence resulted in 
extension by two carbon atoms to give the protected triol (202). Further extension is 
possible in principle, leading to extended chiral ,8-polyol systems of the type (239). It is 
notable that in this synthetic procedure, chirality derived initially from (S)-glutamic acid 
is relayed successively to the hydroxyl functionalities of the resulting polyols.Such 
polyols form characteristic structural segments of the complex polyene macrolide 
antibiotics. 
Oxidative cleavage of the double bond in the olefins (193) and (202) gave the 
corresponding acids. Subsequent methanolysis removed all the protecting groups and 
effected simultaneous esterification to give the mono- and dihydroxy esters (237a,b) 
and (238a,b). These esters were the enantiomers of the naturally-derived esters (54a,b) 
(from amphotericin B) and (4la,b) (from nystatin), respectively. This provided 
confirmation of the absolute configurational conclusions regarding C-3 and C-5 of 
142 
nystatin that were reached by degradative chemistry and spectroscopy, and established 
the absolute configuration of the antibiotic at C-7. Furthermore, application of this route 
to the (R)-enantiomer of glutamic acid would yield the natural enantiomers of hydroxy 
esters (54a,b) and (41a,b), which are potentially useful synthons for the total synthesis 
of the polyene macrolide antibiotics arnphotericin B and nystatin. 
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EXPERIMENT AL 
General Procedures 
Melting points were determined on a Reichert hot-stage microscope and are 
uncorrected. Microanalyses were carried out by the ANU Microanalytical Service. 
Ultra-violet and visible spectra were recorded on a Varian DMS 90 
spectrophotometer using solutions in 95 % ethanol, unless otherwise stated. 
Infra-red spectra were recorded on a Perkin Elmer 683 spectrophotometer. 
1H and 13C NMR spectra were recorded on a Joel JNM FX 200 spectrometer 
operating at 200 MHz, and 50.1 MHz, respectively. All NMR spectra were recorded in 
deuterated chloroform unless otherwise stated, using tetramethylsilane as an internal 
reference, and resonances are quoted in ppm on the 1H and 13c 8 scales, respectively. 
Mass spectra were recorded on AEI 902 and V.G.-Micromass 7070F 
double-focussing mass spectrometers. High resolution mass measurements were 
obtained from the AEI 902. 
Optical rotatory dispersion curves were recorded on a Perkin Elmer P22 
Spectropolarimeter, and the D-line rotation values were recorded on a Perkin Elmer 
model 241 polarimeter with the use of 1 dm cell at 20 °C. 
Where necessary, solutions and reagents were purified and dried according to the 
procedures described in Perrin et al. 155 All organic solvents were distilled before use. 
Petroleum ether refers to the light petroleum fraction bp 40-60 °C. 
r 
11 
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Flash chromatography was performed on 230-400 mesh silica gel. 
For thin layer chromatography 0.25 mm plates were used for analytical purposes 
and 2 mm Merck silica gel 60 F254 for preparative work. 
PURIFICATION OF NYSTATIN 
The nystatin used in this work was supplied by the Squibb Institute for Medical 
Research, and was purified by the method of Chong.38 Nystatin is very sensitive to 
light and insoluble in most organic solvents. 
Crude nystatin (0.5 g, 53% pure by UV absorption) was partially purified by 
stirring for 30 min in chloroform (25.0 ml, previously passed through a neutral alumina 
column), filtration and drying. The washed, dried compound was dissolved in a 
minimum volume of 2% methanolic calcium chloride at 45 °C by stirring for 30 min and 
filtered. An equal volume of water was added dropwise to the stirred filtrate over a 
period of 2h at room temperature. The resulting suspension was centrifuged and the 
mother liquor was decanted. The resulting residue was washed with 50% aqueous 
methanol and vacuum dried to give nystatin (0.25 g, 50% yield, 73% pure by UV 
absorption).Arnax (MeOH) 304 nm, E \ 673 [lit. 156 Amax (MeOH) 305 nm, E 11 915 ] . 
DEGRADATION OF NYSTATIN 
This is a modification of the method of Chong.38 
2(5 '-Carbomethoxy-2 ',4 '-dihydroxypentanyl)-5-methoxytetrahydro-
furan (41a,b) and the triene (58) 
A solution of freshly purified nystatin (0.50 g) and periodic acid (1.25 g) in aqueous 
II 
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methanol (3.5 ml H2O, 25.0 ml MeOH) was stirred at room temperature for 2h. The 
excess periodic acid was removed by quenching the reaction with 1,2-ethanediol ( 1.2 
ml) and the resulting solution was evaporated to one half. Saturated sodium chloride 
solution was added to the remaining solution which was extracted with 
dichloromethane. The combined dichloromethane extracts were washed with brine, 
dried (Na2SO4), filtered, and the solvent was then removed by rotary evaporation. The 
resulting crude material was subjected directly to alkaline methanolysis with 1 % 
methanolic potassium hydroxide (30.0 ml) at room temperature for 10 min. After the 
solution had been neutralized with lN hydrochloric acid, it was evaporated to one half. 
Saturated sodium chloride solution was added, and the resulting solution was extracted 
with dichloromethane. The combined dichloromethane extracts were dried (Na2SO4), 
filtered, and evaporated to dryness. The crude product was purified by preparative thin 
layer chromatography in methanol-diethyl ether (1:9) to give the desired esters (4la,b) 
(37.2 mg, 26.3%) as a 1:1 mixture of diastereomers at C-10. MS: m/z 231 (M+-OMe, 
2.5), 199 (M+-OMe-MeOH, 16.8), 181 (199-H2O, 25.6), 163 (199-2(H2O), 11.9), 
101 (C5H 9o2+, 100); HRMS, found m/z 199.0974, (calcd. for C 10H 15O 4 m/z 
199.0970). 1H NMR 8 1.40-2.20 (m, 8H, 4(CH2)), 2.49 (dd, J = 15.5, 4.4 Hz, 
HCHCO 2Me), 2.55 (dd, lH, J = 15.5, 7.3 Hz, HCHCO 2Me), 3.32 (s, 1.5H, 
CHOMe), 3.33 (s, 1.5H, CHOMe), 3.71 (s, 3H, CO2Me), 4.02-4.42 (m, 3H, 
2(CHOH) + CHOR), 4.98 (d, 0.5H, J = 3.9 Hz, OCHOMe), 5.05 (d, 0.5H J = 4.9, 
OCHOMe). 13C NMR o 29.82, 30.25; 31.68, 32.56; 41.75, 42.89; 42.66, 43.12; 
44.35; 51.65 (CO2Me); 54.75, 54.86 (OCHOMe); 68.29 (C-7); 71.85, 71.95 (C-5); 
77.03, 77.23 (C-3); 105.41, 105.59 (C-10); 172.60 (C=O). ORD plain negative curve: 
[a]6oo -7.o, [a]sso -7.o, [aJsoo -8-5, [a]450 -l0.0, [a]400 -12-5, [ahso -l6.5, [ahoo 
-22.5, [aJi50 -4.0 ~ 1.0 in MeOH). Also eluted was a triene, presumably (58) (159.2 
mg). UV (MeOH) Amax 274 nm. 
!"' 
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19 ,21-Dihydroxy-18 ,2 O-dimethyl-1 O-methoxy-docosan-
2 ,4,6,8 ,14,16-hexaenal (59) 
A mixture of the crude triene (100 mg) and 10 % aqueous sodium hydroxide (20.0 
ml) in benzene (20.0 ml) was stirred at 65 °C for 2h. After the reaction solution had 
been cooled to room temperature, the aqueous layer was separated and extracted with 
ether. The combined benzene-ether extracts were washed with water and brine, dried 
(Na2SO4) and evaporated to dryness. Chromatography of the crude product on Florisil 
in ethyl acetate-petroleum ether (2:3) afforded the tetraenal (59) as a colourless oil (2 
mg). UV (EtOH) Amax 350 nm. MS: mlz 402 (M+, 1.2), 368 (M+-MeOH-H2, 6.4), 
178 (MeOCH=CHCH2(CH=CH) 3CHo+, 61.8), 103 (MeCH(OH)CHMeCH=OH+, 
38.4 ); HRMS mlz 368.2349 (calcd. for C24 H 32o 3 368.2351) and m/z 178.0993 
(calcd. for C 11H 14o 2 178.0994). 
DEGRADATION OF AMPHOTERICIN B 
(2R ,2R ',SRS)-2-(3 '-Carbomethoxy-2 '-hydroxypropanyl)-5-,nethoxy-
tetrahydrofuran (54a,54b) 
Degradation of amphotericin B (50.0 mg) as for nystatin gave the desired compound 
(54a,b) which was purified by iv1PLC on silica gel in ethyl acetate-petroleum ether (3:2) 
affording (54a) (2.0 mg) and (54b) (2.5 mg). MS: m/z 187 (M+-OMe, 8.7), 169 
(M+-OMe-H2O, 3.5), 155 (M+ -OMe-MeOH, 10.6), 137 (155-H2O, 4.5), 113 
(C61½O2 +, 10.3), 99 (C5H7O2 +, 80.8), 59 (MeOC=O+, 21.1). 1H NMR of (54a) 8 
1.38-2.23 (m, 6H, 3(CH2)), 2.50 (dd, lH, J = 15.9, 5.5 Hz, HCHCO2Me), 2.57 (dd, 
lH, J = 15.6, 3.3 Hz, HCHCO2Me), 3.33 (s, 3H, OMe), 3.71 (s, 3H, CO2Me), 
4.15-4.35 (m, 2H, 2(CHOH) and CHOR), 5.04 (dd, lH, J = 5.1, 1.8 Hz, OCHOMe). 
ORD (54a): [a]600 -25.0, [a] 550 -35.0, [a]500 -45.0, [aJ450 -60.0, [aJ400 -80.0, 
[a] 350 -115, [ahoo -175.0, [ahso -275. 1H NMR of (54b) is similar to that of (54a) 
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except signals at c5 3.32 (s, 3H, OMe) and 4.97 (d, lH, J = 3.7 Hz, OCHOMe). ORD 
(54b): [a]600 +12.5, [a]550 +12.5, [a]500 +20.0, [aJ450 +20.0, [a]400 +25.0, [a] 350 
+50.0, [a]300 +62.5, [a]250 +150.0. 
2-0X0-1,3,2-DIOXATHIANE DERIVATIVES 
General Procedure 
Thionyl chloride (1.4 mmol) was introduced dropwise into a solution of 
1,3-alkanediol (1.0 mmol) and pyridine (2.8 mmol) in chloroform (10.0 ml) at 0 
°ᗰC.55,56 The reaction was allowed to warm to room temperature and stirred overnight. 
The resulting reaction solution was poured into iced water and extracted with 
chloroform. The combined chloroform extracts were washed with water, dilute 
hydrochloric acid, water, 2% sodium bicarbonate, water and brine, dried (Na2SO4) and 
filtered. The filtrate was evaporated to dryness by rotary evaporator. 
4-M ethyl-2-oxo-1,3 ,2-dioxathiane (5 6) 
Thionyl chloride (0.08 ml) was introduced dropwise into a solution of 
1,3-butanediol (69 mg) and pyridine (0.18 ml) in chloroform (10.0 ml) at O °C. The 
resulting solution was equilibrated to room temperature and stirred overnight. The crude 
product was purified by flash chromatography on silica gel in chloroform to give the 
desired sulfite (56) as a colourless oil (93.5 mg, 90 % ). v max 1190 cm- 1 (S=O, 
axial) 49 . MS: m/z 136 (M+, 2.8), 121 (M+ -Me, 2.4), 72 (M+ -SO 2 , 46.7), 55 
(M+-HSO3, 24.0), 43 (CH3C=O+, 100). 1H NMR 81.29 (d, 3H, J = 7.0 Hz, -CH3), 
1.68 (dq, lH, d, J = 14.0 Hz and q, J = 2.2 Hz, H-5e), 2.20 (dddd, lH, J = 14.0, 
13.0, 11.5 and 4.7 Hz, H-5a), 3.90 (ddd, lH, J = 11.5, 4.7 and 2.0 Hz, H-6e), 4.98 
(ddd, lH, J = 13.0, 11.5 and 2.4 Hz, H-6a), 5.10 (ddq, lH q, J = 6.4 Hz and dd, J = 
11.5 and 2.2 Hz, H-4a). The spectral data are identical to those quoted in the 
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literature.47 
( 4 R )-4-M et h y 1-2 - ox o-1 ,3 ,2 -di ox at hi an e ( 6 2) 
Thionyl chloride (0.2 ml) was introduced dropwise into a solution of 
(JR)-1,3-butanediol (100 mg) and pyridine (0.36 ml) in chloroform (10.0 ml) at O °C. 
The resulting solution was stirred at room temperature overnight. Flash chromatography 
of the crude product on silica gel in ethyl acetate-petroleum ether (3:2) afforded the 
desired sulfite as a colourless oil (100.9 mg, 66%).The spectral data are identical to 
those recorded for compound (56).[a]0 -9.03, [a]578 -9.36, [a]546 -10.43, [a]436 
-16.06, [ah65 -21.56 (£_, 8.38 in CHC13). 
( 4S)-4-M ethyl-2-oxo-l ,3 ,2-dioxathiane (63) 
Reaction of (3S)-1,3-butanediol as for the R-enantiomer afforded the desired sulfite 
as a colourless oil (105.2 mg, 70 %). [a]D +8.98, [a]578 +9.31, [a]546 +10.41, 
[a]436 +16.10, [ah65 +21.93 (~ 6.86 in CHC13). The spectral data are identical to 
those recorded for compound (62) and (56). 
( 4R,6R)-4 ,6-Dhnethyl-2-oxo-1,3 ,2-dioxathiane (64) 
Thionyl chloride (0.2 ml) was introduced dropwise into a solution of 
(2R,4R)-2,4-pentanediol (100 mg) and pyridine (0.36 ml) in chloroform (10.0 ml) at 0 
°C. The resulting solution was stirred at room temperature overnight. Flash 
chromatography of the crude prcxiuct on silica gel in ethyl acetate-petroleum ether (3:2) 
afforded the desired sulfite (64) as a colourless oil (88.6 mg, 62 %). Amax 1190 cm-1 
(S=O, axial). MS: m/z 150 (M+,0.7), 135 (M+-Me, 2.0), 109 (7.3), 69 (M+-HSO3, 
18.1), 42 (100.0). 1H NMR 81.40 (d, 3H, J = 6.4 Hz, CH3e), 1.60 (d, 3H, J = 4.9 
Hz, CH3a), 1.95 (ddd, lH, J = 13.9, 5.7 and 4.4 Hz, H-5e), 2.10 (ddd, lH, J = 13.9, 
·-
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8.8 and 5.4 Hz, H-5a), 4.45 (m, lH, H-6e), 5.08 (m, lH, H-4a) . [a] 0 +24.37, 
[a]578 +25.46, [a]546 +29.28, [a]436 +53.58, [ah65 +92.53 (£, 5.75 in CHCI3). 
4-( M ethylethanoate)-6-(2 ',3 ',4 ',5 '-tetrahydro-5 '-methoxy-2 '-methyl-
furyl)-2-oxo-1,3 ,2-dioxathiane (53a,b) 
This is a modification of the method of Chong.38 
Thionyl chloride (0.04 ml) was introduced dropwise into a solution of the diol ester 
(41) (65.0 mg) and pyridine (0.10 ml) in chloroform (15.0 ml) at O °C. After being 
stirred at O °C for lh, the reaction solution was warmed to room temperature and stirred 
overnight. The crude product was purified by MPLC on silica in ethyl acetate-
petroleum ether (3:2) to afford the desired sulfite (53a,b) as a 1: 1 mixture of 
diastereomers at the acetal carbon (24.6 mg, 32 %). MS: m/z 277 (M+-OMe, 9.7), 
101 (C51½O2,100), 69 (101-MeOH, 69.0), 64 (SO2 +, 83.7), 59 (CO2Me+, 41.9). 1H 
N:MR 8 1.40-2.20 (m, 8H, 4(CH2)), 2.55 (dd, lH, J = 15.6, 6.6 Hz, HCHCO2Me), 
2.68 (dd, lH, J = 15.9, 6.6 Hz, HCHCO2Me), 3.33 (s, 3H, OCHOMe), 3.73 (s, 3H, 
CO2Me), 4.05-4.20 (m, lH, CHOR), 4.91 (d, 0.5H, J = 3.9 Hz, OCHOMe), 5.01 (d, 
0.5 H, J = 5.1 Hz, OCHOMe), 5.10-5.25 (m, lH, H-6), 5.29-5.45 (m, lH, H-4). 
[a] 0 -35.00, [a]578 -35.00, [a]546 -41.25, [a]436 -55.00, [a]365 -55.00, [a]306 
-80.00, [a]250 -145.00 (£, 0.2 in MeOH). 
(2S )-Tetrahydro-5-oxo-2-f urancarboxylic acid ( 125) 
To a stirred suspension of (S)-( + )-glutamic acid (20.0 g) in water (140.0 ml) with 
6N sulfuric acid (24.0 ml) at O °C was introduced dropwise a solution of sodium nitrite 
(14.0 g) in water (80.0 ml) over a period of 2h. After being stirred at O °C for a total 
period of 5h, it was warmed to room temperature and stirred ovemight.97 The resulting 
solution was evaporated to syrup, which was washed with hot ethyl acetate (5x200 ml). 
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The combined ethyl acetate extracts were dried (MgSO4) and filtered, the resulting 
filtrate was evaporated to dryness to give the desired acid (125) as a viscous oil. The 
acid (125) became a white solid after traces of solvent were removed under vacuum 
overnight, (15.4 g, 87%) mp 55-57 °C [ lit.93 (±)-lactonic acid (125) mp 50-51 °C ]. 
MS: m/z 130 (M+, 1.9), 85 (M+-COOH, 100), 57 (85-CO, 1.9). 1H NMR (CD3OD) 8 
2.20-2.40 (m, lH, H-3), 2.40-2.75 (m, 3H, CH 2CO, H-3), 4.85-5.10 (m, 2H, 
OCHCOOH). 
(2S )-E thy[ tetrahydro-5-oxo-2-furancarboxylate ( 12 7) 
a) Using sulfuric acid 
To a stirred suspension of (S)-( + )-glutamic acid (20.0 g) in water (140.0 ml) and 6N 
sulfuric acid (24.0 ml) was introduced dropwise a solution of sodium nitrite (14.0 g) in 
water (80.0 ml) at O °Cover 2h. After being stirred at O °C for a total period of Sh, the 
solution was warmed to room temperature and stirred overnight. The resulting solution 
was evaporated to a syrup and a mixture of ethanol ( 40.0 ml) and benzene (80.0 ml) 
was added. The resulting mixture was refluxed in a Dean-Stark apparatus for 16h. After 
the solution had been cooled to room temperature, it was poured into ice-cold water. 
The aqueous layer was separated and extracted further with ethyl acetate. The combined 
benzene-ethyl acetate layers were washed with ice-cold 2% sodium bicarbonate 
solution, water and brine, and dried (Na2SO4). The solvent was removed by rotary 
evaporation and the residue was refluxed for another 3h in benzene (100.0 ml) in the 
presence of concentrated sulfuric acid (2-3 drops) with the removal of ethanol with 
0 
molecular sieves (4A). The reaction was worked up as above and the crude product was 
distilled by bulb to bulb distillation at 102 °C/0.4 mm to give the desired ester (127)98 
as a colourless liquid (18.0 g, 84%). MS: m/z 158 (M+, 2.2), 140 (M+-H2O, 0.2), 85 
(M+ -CO 2 Et, 100.0), 57 (85-CO, 7.8). 1 H NMR 8 1.30 (t, 3H, J = 7.2 Hz, 
CO2CH2CH3), 2.22-2.40 (m, lH, H-3), 2.40-2.70 (m, 3H, 2(H-4) and H-3), 4.25 
LL 
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(q, 2H, J = 7.2 Hz, CO2CH2Me), 4.96 (m, lH, H-2). [a]0 +11.86 (b_ 2.97x10-2 in 
MeOH); [lit.98 [a]0 +11.56 ~ 2.93, EtOH at 32 °C) ]. 
b) Using hydrochloric acicP8 
To a stirred suspension of (S)-( + )-glutamic acid (5.0 g) in concentrated hydrochloric 
acid (7.0 ml) and water (14.0 ml) at -5 to O °C was added dropwise a solution of 
sodium nitrite (3.5 g) in water (7.5 ml) over a period of 4h. The resulting clear solution 
was allowed to equilibrate to room temperature and stirred overnight. The solution was 
evaporated to dryness at a temperature below 50 °C, ethyl acetate was added to the 
resulting residue and the inorganic salt was filtered off. The resulting filtrate was dried 
(MgSO4), then filtered. Rotary evaporation of the solvent gave the lactonic acid (125) 
(3. 99 g). The total crude acid was esterified directly with ethanol (8.0 ml) in benzene 
(20.0 ml) in the presence of p-toluenesulfonic acid (111.0 mg) under reflux for 5h. The 
excess ethanol was removed by simple distillation until the temperature rose to 79 °C. 
More benzene was added to the remaining solution and it was washed with water and 
10 % sodium bicarbonate, dried (Na2SO4) and evaporated to dryness. The crude 
product was refluxed in benzene (50.0 ml) in the presence of p-toluenesulfonic acid 
0 (111.0 mg) with the removal of ethanol using molecular sieves (4A) for 2h. The 
reaction was worked up as above. Distillation of the crude product gave the ester 
(127)98 as a colourless oil (1.36 g, 25%), bp 96-102 °C / 0.3 mm. The 1H NMR 
spectrum of the product indicated that it was a 2: 1 mixture of the lactonic ester (127) and 
the chlorodiester (129). For the chlorodiester (129) GC-MS: m/z 177 (M+-OEt, 57.8), 
179 ((M+2)+-OEt, 18.5), 149 (M+-coOEt, 31.7), 151 ((M+2)+-coOEt, 10.0), 121 
(C4H 6O 2Cl +, 29.6), 123 (C4H 6O 2Cl +, 9.6), 88 (EtOC(CH2)OH+, 27.0), 85 
(C4H7O2 +, 100), 73 (COOEt+, 5.6). 1H NMR 81.28 (t, 3H, J = 7.1 Hz, CH3), 1.36 
(t, 3H, J = 7.1 Hz, CH3), 2.10-2.60 (m, 4H, 2(-CH2-)), 4.15 (q, 2H, J = 7.1 Hz, 
CH2O), 4.25 (q, 2H, J = 7.1 Hz, -CH2O-), 4.40 (dd, lH, J = 8.4 and 5.0 Hz, CHCI). 
The spectral data of the lactonic ester are identical to those obtained from the previous 
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experiment. 
(2S )-2-Hydroxylmethyl-tetrahydro-5-oxofuran ( 13 0) 
a) From tetrahydro-5-oxo-2-furancarboxylic acid ( 125 )101 
To a stirred solution of the (S)-lactonic acid (6.0 g, 0.046 mole) in dry 
tetrahydrofuran ( 100.0 ml) under an argon atmosphere was added dropwise over a 
period of 50 min, a solution of borane dimethylsulfide (10 M, 5.25 ml; 0.055 mole) at 
room temperature. After being stirred at room temperature for 2h, the reaction was 
quenched with dry methanol (60.0 ml) at O °C. Most of the solvent was removed by 
distillation at atmospheric pressure, then more methanol was added to the residue and 
then removed. This process was repeated twice and the remaining solvent was finally 
removed by rotary evaporation. Flash chromatography of the crude product on silica gel 
in ethyl acetate afforded the desired alcohol (130) as a colourless oil (4.45 g, 83 %). 
MS: m/z 116 (M+, 0.8) 91 (M+-OH, 4.0), 85 (M+-CH2OH, 100.0), 57 (85-CO, 
15.1). 1H NMR 82.08-2.40 (m, 2H, 2(H-3)), 2.40-2.75 (m, 2H, 2(H-4)), 2.90 
(s(br), lH, OH), 3.64 (dd, lH, J = 12.4 and 4.6 Hz, CH2OH), 3.90 (dd, lH, J = 
12.4 and 2.9 Hz, CH2OH), 4.58-4.70 (m, lH, OCH). [a]D +30.26 (£, 2.97xlo-2 in 
MeOH) [ lit.98 [a]D +31.36 (L 2.92 in EtOH) ]. 
b) From ethyl tetrahydro-5-oxo-2jurancarboxylate ( 127)98 
A suspension of the (S)-lactonic ester (127) (5.0 g, 0.032 mol) and sodium 
borohydride (2.2 g, 0.065 mol) in wet dimethoxyethane (300.0 ml) was stirred at room 
temperature for 48h. After the reaction mixture had been evaporated to one-tenth, a 
mixture of ethyl acetate-saturated ammonium chloride solution ( 4: 1) was added with 
swirling. The organic layer was separated, and the aqueous layer was extracted further 
with ethyl acetate. The combined ethyl acetate extracts were washed with brine, dried 
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(Na2SO4) and filtered. The resulting filtrate was evaporated to dryness and the crude 
alcohol was purified by flash chromatography on Florisil in ethyl acetate to give the 
desired alcohol (130) as a colourless oil (2.12 g, 58%). The spectroscopic data are 
identical to those obtained from the previous experiment. 
(2S )-2-Tosyloxynzethyl-tetrahydro-5-oxofuran ( 135) 
A solution of the lactonic alcohol (130) (6.5 g, 0.056 mole) and p-toluenesulfonyl 
chloride (16.0 g, 0.084 mole) in dry dichloromethane (100.0 ml) in the presence of 
pyridine (24.1 ml) was stirred at room temperature under an argon atmosphere for 
24h. 92 More dichloromethane was added and the solution was washed with water, 
dilute hydrochloric acid, 2% sodium bicarbonate, water and brine, dried (Na2SO4) and 
evaporated to dryness. Recrystallization of the crude product twice from benzene-
hexane gave the desired tosylate (135) as white crystals, (11.05g, 73%) mp 88 °C 
[lit. 92 mp 85-86 °C]. MS: m/z 27.0 (M+, 10.2), 206 (M+-so 2, 31.6), 155 
(C7H6SO2 +, 16.4), 91 (C7H7 +, 37.1), 85 (M+-CH2OTs, 100), 57 (85-CO, 8.8). 1H 
NMR 8 2.00-2.20 (m, lH, H-3), 2.20-2.60 (m, 3H, 2(H-2) + H-3), 2.48 (s, 3H, 
CH3C6H5), 4.12 (dd, lH, J = 9.8 and 2.9 Hz, HCHOTs), 4.15 (dd, lH, J = 9.8 and 
2.2 Hz, HCHOTs), 4.60-4.75 (m, lH, OCH), 7.35 (d, 2H, J = 8.2 Hz, ArH), 7.80 
(d, 2H, J = 8.2 Hz, ArH). 
(2S)-2-1 odomethyl-tetrahydro-5-oxofuran (136) 
A solution of the tosylate (135) (5.1 g, 0.019 mol) and lithium iodide (12.8 g, 0.095 
mol) in acetone (120.0 ml) was refluxed ovemight.90 The solution was cooled to room 
temperature and the solvent was removed by rotary evaporation. Water was added to the 
resulting residue and it was extracted with ethyl acetate. The ethyl acetate extracts were 
washed with sodium thiosulfate solution (until colourless), then with water and brine, 
dried (Na2SO4) and filtered. The resulting filtrate was evaporated to dryness to give the 
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desired iodide ( 136) as a pale yellow oil (3.86 g, 90% ). The crude iodide was 
sufficiently pure for use in the next step without further purification. MS: m/z 226 
(M+, 40.9), 141 (ICH2 +, 6.9), 99 (M+-r, 100), 85 (M+-CH2I, 78.5), 71 (99-co+, 
16.8), 55 (99-CO2 +, 20.9). 1H NMR 81.88-2.10 (m, lH, H-3), 2.38-2.70 (m, 3H, 
2(H-4) + (H-3)), 3.30 (dd, lH, J = 7.1, 10.5 Hz, HCHI), 3.40 (dd, lH, J = 4.4, 10.5 
Hz, HCI-Il), 4.48-4.64 (m, lH, OCHCH2I). 
(4S)-Methyl 4,5-epoxypentanoate (137) 
A suspension of the lactonic iodide (136) (3.8 g, 0.017 mole) and anhydrous 
potassium carbonate (5.9 g, 0.06 mole) in dry methanol (70.0 ml) was stirred under an 
argon atmosphere at room temperature for 2.5h. 101 The reaction was quenched with 
saturated ammonium chloride solution, and the pH of the solution was adjusted to 7 
with concentrated hydrochloric acid. It was then extracted with dichloromethane, the 
combined dichloromethane extracts were washed with brine, dried (Na2SO4) and 
filtered. The resulting filtrate was evaporated to dryness to give the desired epoxide 
(137) as a colourless oil (2.0 g, 92% which was 95% pure by GC). Bulb to bulb 
distillation of the crude product gave the epoxide (137) as a colourless oil at 90 °C / 25 
mm, (1.85 g, 85 %). MS: m/z 130 (M+, 0.4), 99 (M+-OMe, 41.8), 98 (M+-MeOH, 
49.7), 74 (C3H6O2 +, 100.0), 59 (CO2Me+, 53.9) and 43 (C2H3o+, 98.2). 1H NMR 
8 1.65-1.85 (m, lH, H-3), 1.85-2.10 (m, lH, H-3), 2.45 (t, 2H J = 7.6 Hz, 
CH2CO2Me), 2.50 (dd, lH, J = 4.4 and 2.9 Hz, H-5), 2.78 (dd, lH, J = 4.4, 4.2 Hz, 
H-5), 2.92-3.05 (m, lH, H-4), 3.70 (s, 3H, OMe). 
Vinyl lithium108 
To a stirred solution of tetravinyl tin (566.8 mg, 2.5 mmol) in dry ether (30.0 ml) at 
0 °C was introduced dropwise a solution of phenyllithium (2M, 5.0 ml, 10.0 mrnol). 
The reaction was wanned to room temperature with stirring continued for 30 min. The 
·-
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white precipitate of tetraphenyl tin was filtered off under an argon atmosphere to give a 
yellow solution of vinyl lithium which was ready to be used. 
(2S)-2-Allyltetrahydro-5-oxofuran ( 138) 
To a stirred suspension of cuprous cyanide (2.69 g, 0.030 mol) in dry ether (150.0 
ml) at -60 °C under argon was introduced dropwise a freshly prepared solution of 
vinyllithium (0.052 mol) in ether (50.0 ml). The resulting suspension was warmed to 0 
°C and held at this temperature until the colour of the mixture changed to green (this 
normally required 10 min), and it was then recooled to -60 °C. A solution of the 
(S)-epoxy ester (137) (2.60 g, 0.020 mol) in ether (40.0 ml) was added slowly to the 
resulting cuprate mixture. After being stirred at -60 °C for another 2h, the reaction was 
quenched with saturated ammonium chloride solution at O °C for at least 10 min, and 
filtered (celite) . The resulting filtrate was extracted with ethyl acetate, the combined 
ether and ethyl acetate layers were washed with water and brine, dried (MgSO4) and 
filtered. The resulting filtrate was evaporated to dryness to give a crude product which 
was purified by flash chromatography on silica gel in ethyl acetate-petroleum ether (2:3) 
to give the desired allyllactone (138) and a side product, benzyllactone (145) (in 4: 1 
ratio by GC) as a colourless oil in a total amount of (2.16 g, 85% ). Bulb to bulb 
distillation of this mixture afforded the pure allyllactone (138) as a colourless oil (1.73 
g, 68%), bp 70 °C (0.5 mm Hg). (Found C, 66.40; H, 7.79. C7H 10o2 requires C, 
66.65; H, 7.99 %). MS: m/z 126 (M+ ,0.2), 85 (M+-c3H5, 100), 57 (85-CO, 7.7) . 
1 H NMR 8 1.80-2.04 (m, lH, H-3), 2.20-2.60 (m, 5H, 2(H-4), H-3 and 
CH2CH=CH2), 4.50-4.67 (m, lH, H-2), 5.10-5.25 (m, 2H, CH2CH=CH2), 
5.70-5.92 (m, lH, CH2CH=CH2). 1H NMR (CDC13 + 0.2 mol of (europium tris 
(D-3-trifluoro) acetylcamphorate)) 8 1.90-2.15 (m, lH, H-3), 2.30-2. 7 (m, 3H, H-3 + 
CH2CH=CH2), 2.80 (dd, 2H, J = 7.1, 11.0 Hz, 2(H-4)), 4.60-4.80 (m, lH, H-2), 
5.15-5.30 (m, 2H, CH2=CHCH2). 13C NMR 8 27.07 (C-3), 28.64 (C-4), 39.48 
CC.H2CH=CH2), 79.74 (-.C.H=CH2), 177.01 (-.C.(O)O-). [a]o + 41.79 ° ~ 1.907 x 
156 
10-2 in MeOH). The benzyllactone (145) (0.4 g, 11 %). MS, m/z 176 (M+, 10.9), 91 
(C 7H 7 +, 100.0), 85 (C4 H 5o 2+, 73.4). 1H N.MR 8 1.85-2.05 (m, lH, H-3), 
2.15-2.60 (m, 3H, H-3 + 2(H-4)), 2.95 (dd, lH, J = 6.5, 15.5 Hz, HCHAr), 3.10 
(dd, lH, J = 6.5, 15.5 Hz, HCHAr), 4.65-4.80 (m, lH, H-2), 7.15-7.40 (m, SH, 
Ar). 
The reaction of lithium dibutylcuprate with (2S)-2-hydroxymethyl-
tetrahydro-5-oxofuran (130) 
To a suspension of cuprous bromide dimethyl sulfide complex (620.0 mg, 4.3 
mmol) in dry diethyl ether (50.0 ml) under an argon atmosphere was introduced 
dropwise a solution of n-BuLi (5.75 ml, 1.5M, 8.60 mmol) at -78 °C. The solution 
was warmed to 0 °C for 5 min giving a dark blue homogenous solution of the cuprate 
and then recooled to -78 °C. A solution of the lactonic alcohol (130) (100.0 mg, 0.86 
mmol) in a mixture of dry ether (5.0 ml) and dry dimethoxyethane (1.5 ml) was 
introduced slowly to the cuprate solution. After being stirred at -78 °C for lh, the 
reaction was allowed to warm slowly to room temperature and was stirred overnight. 
The reaction was quenched with saturated ammonium chloride solution and filtered 
(celite). The filtrate was extracted with ethyl acetate, the combined ethyl acetate extracts 
were washed with brine, dried (Na2SO4), and evaporated. l\.1PLC of the resulting 
residue on silica gel in ethyl acetate-petroleum ether (3:2) gave the dihydroxyfuran (148) 
(40 mg) and dihydroxyketone (144) (14 mg). The dihydroxyfuran (148): IR (CHC13) 
3600 and 3420 cm- 1 (OH). MS: m/z 157 (M+-OH, 82.6), 143 (M+-cH2OH, 100.0), 
113 (M+-C2H5O2, 37. 7), 85 (C4H9co+, 53.1), 69 (OCCH2OH+, 62.9), 57 (C4H9 +, 
80.9). 1H N.MR 8 0.90 (t, 3H, J = 6.8 Hz, CH 3), 1.10-1.65 (m, l0H, 5(-CH2-)), 
3.35-3.75 (m, 5H, CH2OH + 2(OH) + OCH). The dihydroxy ketone (149), IR 
(CHC13) 3600, 3430 (OH), 1710 (C=O) cm-1. MS: m/z 143 (M+-CH2OH, 100.0), 
114 (143-CHO, 10.1), 85 (C4H9co+, 39.6), 69 (OCCH2OH+, 50.5), 57 (C4H9 +, 
70.0). 1H N.MR 8 0.90 (t, 3H, J = 6. 9 Hz, CH3), 1.10-2.30 (m, 8H, 4(-CH2-)), 2.45 
·-
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(t, 2H, J = 6.9 Hz, CH2CO), 2.65 (t, 2H, J = 6.8 Hz, COCH2), 3.40-3.85 (m, 3H, 
CHOH and CH2OH). 
The reaction of lithium dibutylcuprate with (2S)-2-iodomethyl-
tetrahydro-5-oxofuran (136) 
To a suspension of cuprous iodide (485.0 mg, 5.55 m.mol) in dry ether (14.0 ml) 
was introduced dropwise a solution of n-BuLi (3.18 ml, 10.0 mmol; 1.57 M) at -50 
°὎C. After being stirred at -40 to -50 °C for lh, a solution of the lactonic iodide (118) 
( 113.0 mg, 0.5 m.mol) in dry ether (2.0 ml) was introduced into the resulting dark blue 
homogeneous solution of cuprate at -60 °C. The reaction solution was stirred at -60 °C 
for 4h; it was quenched with dry methanol at the same temperature and then saturated 
ammonium chloride solution at O °C with continued stirring for at least 10 min, then 
filtered (celite). The resulting filtrate was extracted with ethyl acetate, the combined 
ether-ethyl acetate extracts were washed with saturated sodium chloride solution, dried 
(MgSO4) and filtered. The resulting filtrate was evaporated to dryness to give a crude 
product which was purified by flash chromatography on silica gel in ethyl acetate-
petroleum ether (1:4) to give nonen-5-one (141) and 5-butylnonen-5-ol (142) (10.04 
mg, 14% and 13.06 mg, 14%) respectively. Nonen-5-one (141): IR (neat) 1715 
(C=O), 1640 cm- 1 (C=C). MS: m/z 140 (M+, 2.5), 98 (M+ -C 3H 6, 20.8), 85 
(C4f½CO+, 100.0), 83 (C4H7co+, 91.7), 57 (C4f½ +, 80.8). 1H NMR 8 0.90 (t, 3H, 
J = 7.0 Hz, CH 3 ), 1.18-1.42 (m, 2H, CH3CH 2CH 2 ), 1.42-1.64 (m, 2H, 
CH3CH2CH2), 2.22-2.58 (m, 6H, 2(CH2CO)+CH2CH=CH2), 4.90-5.10 (m, 2H, 
CH2=CH-), 5.70-5.92 (m, lH, CH=CH2). 5-Butylnonen-5-ol (142) : IR (neat) 3430 
(br, OH), 1640, 1470 and 1460 cm- 1 (C=C). MS: m/z 180 (M+-H2O, 2.9), 143 
(M+-C4H7, 100.0), 141 (M+-C4H9, 100.0) , 85 (C4H9co+, 100.0) , 83 (C4H7co+, 
45.8), 57 (C4J½ +, 70.1). 1H NMR 80.90 (t, 6H, J = 7.0 Hz, 2(CH3)), 1.10-1.75 (m, 
14H, 7(-CH2-)), 2.00-2.19 (m, 2H, CH2CH=CH2 ) , 4.90-5.15 (m, 2H, CH2=CH-) , 
5.72-5.98 (m, lH, CH=CH2). 
I 
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4-Hydroxynonanoic acid (155) 
A solution of (±)-pentyllactone (69) (78.0 mg; 0.5 m.mol) and 18M sodium 
hydroxide (0.1 ml) in methanol (2.0 ml) was stirred at room temperature for 3h. The 
pH of the reaction solution was adjusted to pH 5 with concentrate hydrochloric acid, 
and then concentrated to one-fifth. The concentrated solution was extracted with ethyl 
acetate, then washed with water and brine, dried and filtered. The resulting filtrate was 
evaporated to dryness to give the crude acid (155) as a viscous oil (67.5 mg, 77% ). IR 
(neat) v 3600-2500 (br) (COOH), 1710 (C=O) cm-1. 1H NMR o 0.90 (t, 3H, J = 7.2 
Hz, CH 3 (CH 2 ) 4 -), 1.10-1.55 (m, 6H, (CH 2 ) 3 CH 3 ), 1.55-2.00 (m, 4H, 
-CH 2CH(OH)CH2-), 2.50 (t, 2H, J = 7.6 Hz, -CH 2CO-), 3.55-3.72 (m, lH, 
-CHOH), 6.38 (s (br), 2H, COOH + OH). 
Methyl 4-hydroxynonanoate (15 6) and 2-pentyltetrahydro-5-oxofuran 
(69) 
The crude acid (155) (67.5 mg) was diazomethylated with excess diazomethane in 
ether (10.0 ml) at 0° C for 2h. A few drops of 2N acetic acid were added to the reaction 
solution which was then extracted with ethyl acetate. The combined organic layers were 
washed with water and brine, dried and filtered. The resulting filtrate was evaporated to 
dryness to give a mixture of the ester and the (±)-pentyllactone (69) as a colourless oil 
(54.5 mg, 74%). Flash chromatography of the crude product on either silica gel or 
alumina gave the (±)-pentyllactone (69) as a colourless oil ( 40.1 mg). MS: m/z 156 
(M+, 0.4), 128 (M+-c2H4, 2.31), 114 (M+-c3H6, 2.4), 85 (M+-c5H 11 , 100.0), 43 
(C3H7 +, 80.4). 1H NMR o 0.90 (t, 3H, J = 6.4 Hz, CH3(CH2)4-), 1.15-2.00 (m, 8H, 
(CH2)4 CH3), 2.20-2.46 (m, 2H, 2(H-3)), 2.51 (dd, 2H, J = 10.5, 7.1 Hz, 2(H-4)), 
4.40-4.60(m, lH, H-2). 
·-
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(4S)-4-Hydroxy-6-heptenoic acid (180) 
Reaction of (4S)-4-allylactone (138) with 18M NaOH in MeOH as for the 
pentyllactone (69) afforded the desired acid (180) as a colourless oil (53%). 1H NMR 8 
1.65-2.00 (m, 2H, 2(H-3)), 2.10-2.40 (m, 2H, CH2CH=CH2), 2.52 (t, 2H, J = 7.1 
Hz, CH2COOH), 3.65-3.80 (m, lH, CHOH), 4.60 (s (br), 2H, COOR, OH), 
5.10-5.25 (m, 2H, CH2=CH-), 5.70-5.92 (m, lH, -CH=CH2). 
N,N-Dimethyl-4-hydroxynonamide (158) 
The (±)-pentyllactone (69) (140.0 mg; 0.9 mmol) and anhydrous 
N,N-dimethylamine (1.2 ml) in a sealed tube were heated at 50-60 °C for 41 h. The 
excess amine was removed by evaporation under atmosphere pressure to give the 
desired amide (158) as a pale yellow oil, (241.3 mg, 99 %). MS: m/z 201 (M+, 1.1), 
183 (M+-H20, 8.9), 130 (M+-c5H 11 , 94.5), 87 (Me2N(OH)C=CH2+, 100), 85 
(M+-C5H 11-Me2NH, 90.2), 72 (Me2NC=O+, 65.8). 1H NMR o 0.90 (t, 3H, J = 6.4 
Hz, CH 3(CH2 )4 -), 1.20-1.55 (m, 6H, CH3(CH 2 ) 3CH2 -), 1.60-1.95 (m, 4H, 
-CH2CH(OH)CHT ), 2.51 (dt, 2H; t, J = 10.5 Hz, and d, J = 2.0 Hz, -CH2CO-), 
2.95 (s, 3H, CH3N-), 3.05 (s, 3H, -NCH3), 3.25 (s (br), lH, OH), 3.05-3. 70 (m, 
lH, CHOR). 
( 4S)-N,N-Dimethyl-4-hydroxy-6-heptenamide (159) 
Reaction of the (4S)-allyllactone (138) with N,N-dimethylamine as for the 
(±)-pentyllactone (69) gave the desired amide (159) as a pale yellow oil (99 %). MS: 
m/z 171 (M+ 2.6), 153 (M+-H 2 0, 12.9), 130 (M+ -c 3 H 5 , 60.9), 85 
(M+-C3H5-Me2NH, 100.0),, 72 (Me2NC=O+, 61.4). 81.64-1.96 (m, 2H, 2(H-3)), 
2.26 (t, 2H, J = 7.2 Hz, -CH2CH=CH2), 2.49 (dt, 2H; t, J = 10.5 Hz, and d, J = 3.0 
Hz, -CH2CO-), 2.95 (s, 3H, CH 3N-), 3.05 (s, 3H, -NCH 3), 3.60-3.75 (m, lH, 
--
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-CHOH), 5.02-5.20 (m, 2H, -CH=CH2), 5.75-6.00 (m, lH, -CH=CH2). 
2-Pentyl-5-hydroxytetrahydrofuran (161) 
To a solution of 2-pentyltetrahydro-5-oxofuran (69) (1.56 g, 0.01 mole) in dry 
toluene (30.0 ml) under an argon atmosphere at -60 °C was introduced dropwise a 
solution of diisobutyl aluminiumhydride119 in hexane (25.0 ml, lM, 0.025 mole) over 
a period of 30 min. The reaction was stirred at -60 °C for 3h and quenched with 
methanol at the same temperature for 30 min. A mixture of ethyl acetate and saturated 
potassium sodium tartrate solution was added to the resulting reaction solution, which 
was allowed to warm to room temperature (at this stage, the solution usually became 
homogeneous, otherwise it was necessary to add more tartrate solution to the resulting 
mixture with stirring). The organic layer was separated, and the aqueous layer was 
extracted further with ethyl acetate. The combined toluene-ethyl acetate extracts were 
washed with water and brine, dried (MgSO4) and filtered. The resulting filtrate was 
evaporated to dryness to give the crude lactol ( 161) as a colourless oil. Flash 
chromatography of the crude product on silica gel in ethyl acetate-petroleum ether (2:3) 
gave the desired lactol (161) as a colourless oil (1.21 g, 77%). MS: m/z 140 (M+-H
2
O, 
26.2), 8.3 (140-C4H 9 , 47.5), 69 (M+-c5H 11 -H2O, 80.0), 55 (83-CO, 63.6), 43 
(C 3H 7 +, 100). 1H NMR 8 0.90 (t, 3H, J = 7.1 Hz, CH 3), 1.20-2.20 (m, 12H, 
(CH 2)4CH 3, 2(H-3), 2(H-4)), 3.18 (s(br), 0.4H, OH), 3.28 (s(br), 0.6H, OH), 
3.90-4.80 (m, 0.4H, H-2), 4.08-4.28 (m, 0.6H, H-2), 5.40-5.50 (m, 0.4H, H-5), 
5.50-5.60 (m, 0.6H, H-5). 
(2S )-2-Allyl-5-hydroxytetrahydrofuran ( 162) 
The reduction procedure was performed in the same manner as for the lactol ( 161) 
using the allyllactone (138) (1.19 g, 0.009 mole) in dry toluene (30.0 ml) and 
diisobutylaluminium hydride 119 (21.3 ml, 1. 1 M, 0.024 mole) at -60 °C for 2h. Flash 
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chromatography of the crude prcx:iuct on silica gel in ethyl acetate-petroleum ether (2:3) 
gave a 3:2 mixture of diasteromers of the desired lactol (162) as a colourless oil (1 .04 g, 
86%). (Found: C, 65.84; H, 9.46. C7H 12O2 requires C, 65.60; H, 9.44%). MS: m/z 
110 (M+-H2O, 18.1), 87 (M+-c3H5, 35.1), 69 (87-H2O, 100), 41 (C3H5 +, 56.0). 1H 
NNIR 8 1.45-2.55 (m, 6H, 2(H-3), 2(H-4) and CH2CH=CH2), 2.80 (s(br), lH, OH), 
4.00-4.20 (m, 0.4H, H-2), 4.20-4.40 (m, 0.6H, H-2), 5.00-5.20 (m, 2H, 
CH2CH=CH2), 5.45 (d, 0.4H, J = 2.0 Hz, H-5), 5.55 (dd, 0.6H, J = 2.0, 3.0 Hz, 
H-5), 5.70-6.00 (m, lH, CH2CH=CH2). 13C NMR 8 134.52, 134.81 (-.C.H=CH2), 
117.09, 116.94 (-CH=CH2), 98.49, 98.31 (C-5), 77.52, 80.03 (C-2), 39.86, 41.50 
(CH2CH=CH2), 32.85, 33.75 (C-4), 28.73 (C-3). 
The reaction of 2-pentyl-5-hydroxytetrahydrofuran (161) with 1,2-
ethanediol 
a) In benzene in the presence of p-toluenesulfonic acid.121 
A solution of the lactol (161) (94.4 mg, 0.59 mmol) and 1,2-ethanediol (55.0 mg, 
0.89 mmol), in dry benzene (5.0 ml) in the presence of p-toluenesulfonic acid (1.0 mg) 
was refluxed for 6h. The reaction solution was cooled to room temperature, more 
benzene was added, and the resulting solution was washed with water, 10% sodium 
hydroxide solution, water and brine, dried (MgSO4) and filtered. The resulting filtrate 
was evaporated by rotary evaporation. Flash chromatography of the crude product on 
silica gel in ethyl acetate-petroleum ether (2:3) gave di-5'-pentyl-2'-tetrahydrofuryl-
1,2-ethylether (169) (20.0 mg, 20%), and 5-(2'-hydroxyethanoxy)-2-pentyl-
tetrahydrofuran (168) (70.2 mg, 58%) as colourless oils. The ether (169) (Found: C, 
69.95; H, 10.98. C20H 38O4 requires C, 70.13; H, 11.18%). MS: m/z 341 (M+-1, 
0.1), 201 (M+-c 10H21 , 17.3), 141 (C9H 17o+, 100.0), 69 (141-C5H 12, 13.6). 1H 
NMR 8 0.90 (t, 6H, J = 7.1 Hz, 2(CH3)), 1.20-2.15 (m, 24H, 8(CH2)CH3, 4(H-3) + 
4(H~4)), 3.50-3.68 (m, 2H, -OCH2CH2O-), 3.68-3.90 (m, 2H, -OCH2CH2O-), 
·-
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3.90-4.10 (m, 2H, 2(H-5)), 5.10 (dd, 2H, J = 14.8, 4.0 Hz, 2(H-2)). The acetal (168) 
(Found: C, 65.53; H, 10.70. C11H22O3 requires C, 65.31; H, 10.96%). MS: m/z 202 
(M+, 1.99), 201 (M+-1, 16.2), 141 (M+-c2H5O2, 100.0), 131 (M+-c5H 11 , 28.3), 
123 (131-H2O, 24.8). 1H NMR 0.90 (t, 3H, J = 7.1 Hz, CH3), 1.10-1.75 (m, 9H, 
4(CH2) + H-3) 1.75-2.20 (m, 3H, 2(H-4) + (H-3)), 3.05 (s(br), lH, OH), 3.68 
(s(br), 4H, -OCH2CH2OH-), 3. 95-4.15 (m, lH, H-2), 5.05-5.10 (m, 0.5H, H-5) 
5.10-5.20 (m, 0.5H, H-5). 1H NMR (DMSO-d6) 80.90 (t, 3H, J = 7.1 Hz, CH3), 
1.20-1.70 (m, 8H, 4(CH2)), 1.70-2.10 (m, 3H, 2(H-3) + (H-4)), 3.35 (s(br), 2H, 
-OCH2CH2OH), 3.40-3.70 (m, 3H, -OCH2CH2OH + H-4), 3.80-4.00 (m, lH, H-2), 
4.45 (t, lH, J = 4.2 Hz, OH), 5.05 (dd, lH, J = 4.0, 14.8 Hz, H-5). 
b) In acetonitrile in the presence of oxalic acid122 
A solution of the lactol (161) (0.158 g, 1.0 mmol), 1,2-ethanediol (1.860 g, 30.0 
mmol) and anhydrous oxalic acid (0.772 g, 8.6 mmol) in dry acetonitrile (14.0 ml) was 
stirred at room temperature for 3h. Cold water (20.0 ml) was added to the resulting 
solution and it was extracted with ethyl acetate. The combined ethyl acetate layers were 
washed with water and brine, dried (MgSO4) and filtered. Rotary evaporation of the 
resulting filtrate afforded a mixture of the ether (169) and the acetal (168) as a colourless 
oil. Flash chromatography of the crude product on silica gel in ethyl acetate-petroleum 
ether (2:3) yielded di-5'-pentyl-2'-tetrahydrofuryl-ethyl-1,2-diether (169) (0.01 g, 
59%) and 5-(2'-hydroxyethanoxy)-2-pentyltetrahydrofuran (168) (0.025 g, 12%). The 
spectral data of the compounds are identical to those recorded in the previous 
experiment. 
2-(3'-Hydroxyoctanyl)-5,5-dimethyl-1,3-dioxane (174) and 5(3'-
hydroxy-2 ',2 '-dimethylpropanoxy)-2-pentyltetrahydrofuran (175) 
a) A solution of the lactol (161) (79.0 mg, 0.5 mmol) and 2,2-dimethyl-
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1,3-propanediol (78.0 mg, 0. 75 mmol) in benzene (7.0 ml) in the presence of 
p-toluenesulfonic acid (1.0 mg) was refluxed over molecular sieves (3A) overnight. 131 
The workup was performed in a similar manner to that used for the preparation of 
compounds (169) and (168). Flash chromatography of the crude product on silica gel in 
ethyl acetate-petroleum ether (2:3) gave the dioxane (174) (70.0 mg, 57%) and the 
tetrahydrofuran (175) (5.7 mg, 13%) as colourless oils. The dioxane (174), MS: m/z 
243 (M+-1, 1.9), 173 (M+-c5H11 , 4.8), 157 (M+-c5H11O, 14.0), 115 (C6H 11o 2+, 
41.8), 87 (C4H7O2 + and C5H11o+, 48.0), 69 (87-H2O, 100.0). 1H NMR 8 0.80 (s, 
3H, -(CH 3)C(CH 3 )-), 0.90 (t, 3H, J = 7.1 Hz, CH 3 (CH 2 )4 ), 1.20 (s, 3H, 
-(CH3)C(CH3)-), 1.20-1. 70 (m, 1 OH, (CH2)4CH3 + CH2CH(OH)R), 1. 70-1.85 (m, 
2H, dioxane-CH 2), 2.30 (d, lH, J = 4.2 Hz, OH), 3.45 (d, 2H, J = 10.8 Hz, 
-CH2O-), 3.60 (d, 2H, J = 10.8 Hz, -CH2O-), 3.50-3.65 (m, lH, CHOH), 4.50 (t, 
lH, J = 4.5 Hz, -OCHO-). 1H NMR (DMSO-d6) 8 0.80 (s, 3H, -(CH3)C(CH3)-), 
0.90 (t, 3H, J = 7.1 Hz, CH3(CH2)4), 1.20(s, 3H, -(CH3)C(CH3)-), 1.20-1.75 (m, 
12H, 4(CH2 )4 CH3 , dioxane-CH2CH 2CH(OH)R), 3.40 (s(br), 3H, -CH 2O- + 
-CH(OH)R), 3.55 (d, 2H, J = 10.8 Hz, -CH2O-), 4.30 (s(br), lH, OH), 4.40 (s(br), 
lH, -OCHO-). The tetrahydrofuran (175), MS: m/z 244 (M+, 0.1 ), 243 (M+-1, 0. 7), 
213 (M+-CH2OH, 5.5), 173 (M+-c 5H 11 , 1.4), 157 (C9H 17 o 2 +, 3.5), 141 
(C9H17o+, 100.0), 123 (141-H2O, 62.3), 87 (157-C5H10, 26.3), 69 (87-H2O, 31.0). 
1H NMR 8 0.90 (s(br), 9H, (CH 3 ) 2 C-, CH 3 (CH 2 ) 4 ), 1.10-1.70 (m, 8H, 
(CH2)4CH3,), 1.70-2.15 (m, 4H, 2(H-3), 2(H-4)), 2.85 (t, lH, J = 5.1 Hz, OH), 
3.20 (d, lH, J = 9.3 Hz, H-3), 3.35 (dd, lH, J = 10.5, 5.1 Hz, H-1), 3.45 (dd, lH, J 
= 10.5, 3.6 Hz, H-1), 3.55 (d, lH, J = 9.3 Hz, H-3), 3.92-4.10 (m, lH, H-2), 5.05 
(dd, lH, J = 3.2, 5.9 Hz, H-5). 1H NMR (DMSO-d6) 8 0.80 (s, 6H, (CH3)2C-), 0.90 
(t, 3H, J = 7.1 Hz, CH3(CH2)4), 1.18-1.60 (m, 8H, CH3(CH2)4), 1.60-2.10 (m, 4H, 
2(H-3) + 2(H-4)), 3.05 (d, lH, J = 10.8 Hz, H-3), 3.12 (dd, lH, J = 8.8, 4.4 Hz, 
H-1), 3.18 (dd, lH, J = 8.8, 4.4 Hz, H-1), 3.30 (d, lH, J = 10.8 Hz, H-3), 
3.80-4.00 (m, lH, H-2), 4.40 (t, lH, J = 4.5 Hz, OH), 5.05 (dd, lH, J = 3.2, 5.9 
Hz, H-5). 
·-
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b) A solution of the lactol (161) (0.079 g, 0.5 mmol), 2,2-dimethyl-1,3-propanediol 
(1.560 g, 15.0 mmol) and anhydrous oxalic acid (0.386 g, 4.3 mmol) in dry acetonitrile 
(10.0 ml) was stirred at room temperature ovemight. 122 Flash chromatography of the 
crude product on silica gel in ethyl acetate-petroleum ether (2:3) gave the desired 
5,5-dimethyl-2-nonan-5'-ol-1,3-dioxane (174) as a colourless oil (0.101 g, 83%). The 
spectral data of (174) were identical to those obtained from the previous experiment. 
(3 'S )-5 ,5-Dimethyl-2-(5 '-hexen-3 '-ol)-1,3-dioxane ( 17 6) 
A solution of the lactol (162) (0.064 g, 0.5 mmol), 2,2-dimethyl-1,3-propanediol 
(1.560 g, 15.0 mmol), and anhydrous oxalic acid (0.386 g, 4.3 mmol) in dry 
acetonitrile 122 (100 ml) was stirred at room temperature overnight. Flash 
chromatography of the crude product on silica gel in ethyl acetate-petroleum ether gave 
the dioxane (176) (0.91 g, 85%) as a colourless oil. The dioxane (176), (Found C, 
67.30; H, 10.39. C12H22O3 requires C, 67.26; H, 10.35%). MS: m/z 214 (M+, 0.4), 
213 (M+-1, 4.0), 173 (M+-c3H5, 11.4), 127 (M+-c5H 11O, 1.6), 115 (C6H11o 2+, 
33.3), 87 (C5H11o+, 100.0), 69 (87-H2O, 69.7), 41 (C3H5+, 42.6). 1H NMR 80.70 
(s, 3H, CH 3 CCH 3 ), 1.20 (s, 3H, CH3 CCH 3 ), 1.40-1.85 (m, 4H, 
dioxane-CH2CH2CH(OH)R), 2.10-2.30 (m, 2H, CH2CH=CH2), 2.50 (s, lH, OH), 
3.41 (d, 2H, J = 10.7 Hz, -CH2O-), 3.60 (d, 2H, J = 10.9 Hz, -CH2O-), 3.55-3. 72 
(m, lH, CHOH), 4.49 (t, lH, J = 4.6 Hz, -OCHO-), 5.05-5.20 (m, 2H, CH=CH2), 
5.70-5.95 (m, lH, -CH=CH2). 13C NMR 21.81 (CH3CCH3), 23.01 (CH3CCH3), 
30.92 (dioxane-CH2CH2CH(OH)R), 31.18 (dioxane-CH2CH2CH(OH)R), 41.96 
(C.H2CH=CH2), 70.72 (CHOH), 77.23 (-CH2OCHOCH2-), 102.05 (-OCHO-), 
117.53 (CH=CH2), 135.02 (-CH=CH2). 
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4 ,5-Epoxy-2-pentanol (187) and 2 ,4-dilzydroxy-5-nzethoxypentane 
( 188) via 4-(iodomethyl)-6-methyl-1,3-dioxan-2-one (179) 
To a solution of penten-4-ol (94.6 mg, 1. 10 mmol) in dry tetrahydrofuran (3.0 ml) 
at -60 °C under an argon atmosphere was introduced dropwise a solution of n-BuLi 
(1.0 ml, 1.35M, 1.35 mmol). After being stirred at -60 °C for lh, dry carbon dioxide 
was bubbled into the alkoxide solution at -60 °C for 0.5h. A solution of iodine (695.6 
mg, 2.20 mmol) in dry tetrahydrofuran (5.0 ml) was slowly added to the resulting 
carbonate solution at -60 °C. The reaction was allowed to warm slowly to room 
temperature, and stir overnight. Ethyl acetate was added into the resulting reaction 
solution, and it was washed with water, saturated sodium thiosulphate solution (until 
the solution became colourless), water and brine, dried (MgSO4) and filtered. The 
resulting filtrate was evaporated to dryness to give the desired iodocarbonate (179)84 as 
a colourless oil (216.0 mg, 85%). 1H NMR 81.48 (d, 3H, J = 6.4 Hz, CH3), 1.70 
(dt, lH, d; J = 13.9 Hz; 10.5 Hz, H-5a), 2.40 (dt, lH, d; J = 13.9 Hz; 3.1 Hz, H-5e), 
3.28 (dd, lH, J = 10.7, 7.1 Hz, -HCHI), 3.40 (dd, lH, J = 10.5, 4.6 Hz, -HCHI), 
4.38-4.52 (m, lH, H-6), 4.52-4.70 (m, lH, H-4). 
A solution of the iodocarbonate (179) (210 mg, 0.82 mmol) and anhydrous 
potassium carbonate (226.4 mg, 0.82 mmol) in dry methanol (10.0 ml) was stirred at 
room temperature overnight Methanol was removed by rotary evaporation, water was 
added to the resulting residue, and it was then extracted with ethyl acetate. The 
combined ethyl acetate layers were washed with water and brine, dried (MgSO4) and 
filtered. The resulting filtrate was evaporated to dryness and the crude compound was 
purified by flash chromatography on silica gel in ethyl acetate to afford the desired 
epox.ide (187)84 as a colourless oil as a 12: 1 mixture of diastereomers (30.0 mg, 36%) 
and the ether (188) (5.1 mg, 4%). The epoxide (187), MS: m/z 102 (M+, 1.4), 87 
(M+ -Me, 5.5), 85 (M+ -OH, 31.9), 71 (M+-CH2OH, 25.5), 57 (M+-cH3CHOH, 
21.4), 45 (CH3CH=OH+, 100.0), 43 (CH2OCH+, 93.6). 1H NMR 81.25 (d, 3H, J = 
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6.4 Hz, CH3), 1.60 (t, lH, J = 7.5 Hz, H-3), 1.80, 1.89 (t, lH, J = 4.3 Hz, H-3), 
2.30 (s(br), lH, OH), 2.50, 2.60 (dd, lH, J = 5.0, 2.8 Hz, H-5), 2.80 (dd, lH, J = 
4.2, 4.9 Hz, H-5), 3.00-3.15 (m, lH, H-4), 4.00-4.20 (m, lH, H-2). The ether (188), 
MS: m/z 134 (M+, 4.2) 103 (M+ -OMe, 21.6), 101 (M+ -H2O-Me, 31.3), 89 
(M+-CH2OMe, 88.0), 71 (89-H2O, 80.9), 45 (CH3CH=OH+, 78.6), 43 (CH3C=O+, 
100.0). 1H NMR 81.22 (d, 3H, J = 6.1 Hz, CH3), 1.58 (t, 2H, J = 6.6 Hz, 2(H-3)), 
2.50 (s(br), 2H, 2(OH)), 3.20-3.40 (m, 2H, 2(H-5)), 3.40 (s, 3H, OCH3), 3.97-4.20 
(m, 2H, 2(CHOH)). 
(3 'S ,5 'S)-2-(3 ',5 '-0-Carbonylidine-6 '-iodohexyl)-5 ,5-dimethyl-1,3-
dioxane (184) 
a) Using carbon dioxide83 ,84 
To a solution of the dioxane (176) (2.14 g, 0.01 mole) in dry tetrahydrofuran (150 
ml) at -60 °C under an argon atmosphere was introduced dropwise a solution of n-BuLi 
(16.3 ml, 1.23 Min hexane, 0.02 mole). The solution was stirred at -60 °C for a total 
period of 2h. A solution of iodine ( 10.16 g, 0.04 mole) in dry tetrahydrofuran (50.0 
ml) was added to the resulting carbonate solution at -60 °C. The reaction was allowed to 
warm slowly to room temperature and then stir overnight. The workup was performed 
in a similar manner as used in the preparation of (179), to give (184) as a yellow solid 
(3.70 g, 96%). The resulting iodocarbonate was sufficiently pure for use in the next 
step without further purification. A small amount of the crude iodocarbonate (182) was 
purified by flash chromatography on silica gel in ethyl acetate as a white solid mp 
102-104 °C. (Found C, 40.09; H, 56.4: I, 32.84. C 13H21 O 5I requires C, 40.64; H, 
5.51; I, 33.03%). MS: m/z 384 (M+, 0.5), 383 (M+-1, 4.8), 299 (M+-c5H9O, 20.2), 
115 (C6H 11O2 +, 100.0), 87 (115-CO, 39.1), 69 (87-H2O, 80.0). 1H NMR 8 0.72 (s, 
3H, CH3CCH3, 1.18 (s, 3H, CH3CCH3), 1.60-2.00 (m, 4H, -CH2CH2-), 2.10-2.30 
(m, lH, H-4'), 2.38 (dt, lH; d, J = 13.9; t, J = 3.0 Hz, H-4'), 3.20 (dd, lH, J = 
I 
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10.7, 7.0 Hz, HCHI), 3.30 (dd, lH, J = 10.5, 4.6 Hz, HCH1), 3.40 (d, 2H, J = 11.9 
Hz, -CH2O-), 3.55 (d, 2H, J = 11.5 Hz, -CH2O-) , 4.45 (t, 1 H, J = 4.4 Hz, OCHO), 
4.35-4.60 (m, 2H, H-3', H-5'). 
b) Using 2-[ (t-butoxycarbonyl)oxy )imino ]-2-phenyl-acetonitrile (BOC-ONJ80,82 
1 ,1-Dimethylethyl-1-(5 ',5 '-dimethyl-2 '-ethyl-]' ,3 '-dioxanyl)-3-
butenyl carbonate ( 186) 
To a solution of the dioxane (176) (214 mg, 1.0 mmol) in dry diethyl ether (50.0 
ml) at room temperature under an argon atmosphere was introduced dropwise a solution 
of n-BuLi (0.7 ml, 1.60 M, 1.10 mmol). After being stirred at room temperature for 10 
min, it was transferred into a solution of BOC-ON (295 .5 mg, 1.20 mmol) in dry 
tetrahydrofuran (20.0 ml). The resulting reaction solution was stirred at room 
temperature for another 4h. A 1: 1 mixture of ethyl acetate-petroleum ether was added to 
the solution and it was washed with 2N-sodium hydroxide solution, water and brine, 
dried (MgSO4) and filtered. The resulting filtrate was evaporated to dryness to yield the 
desired carbonate (186) as a yellow viscous oil (310.0 mg, 99% ). This crude 
compound was sufficiently pure for use in the next step without further purification. 
(Found C, 65.17; H, 9.39. C17H30o5 requires C, 64.94; H, 9.62 %). MS: m/z 314 
(M+, 0.2), 313 (M+-1, 1.6), 257 (M+-c4H9O, 6.4), 173 (C9H 17o3+, 13.6), 115 
(C6HnO2 +, 68.0), 69 (115-HCOOH, 68.8), 57 (C4~ +, 100.0), 41 (C3H5 +, 68.2). 
1H NMR 8 0.71 (s, 3H, CH 3CCH 3), 1.17 (s, 3H, CH3CCH 3), 1.47 (s , 9H, 
(CH 3 ) 3CO), 1.55-1.75 (m, 4H, -CH 2 CH 2 -), 2.34 (t, 2H, J = 6.5 Hz, 
-CH2CH=CH2), 3.40 (d, 2H, J = 11.0 Hz, -CH2O-), 3.60 (d, 2H, J = 11.0 Hz, 
-CH2O-), 4.40 (s(br), lH, OCHO), 4.62-4.78 (s(br), lH, -CHOCO2-), 5.00-5.18 (m, 
2H, CH2=CH-), 5.65-5.90 (m, lH, -CH=CH2). 
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The crude carbonate (186) (310.0 mg) was directly subjected to iodocyclisation with 
iodine (762.0 mg, 3.0 mmol) in dry acetonitrile (35.0 ml) at -20 °C overnight. Ethyl 
acetate was added to the resulting reaction solution, and it was washed with saturated 
sodium thiosulfate solution (until the solution became colourless), 5% sodium 
bicarbonate solution, water and brine, dried (MgSO4) and filtered. The resulting filtrate 
was evaporated to dryness to give a viscous deep yellow oil of the desired 
iodocarbonate ( 184) in quantitative yield. Flash chromatography of the crude 
iodocarbonate on silica gel in ethyl acetate gave the desired iodocarbonate (184) as a 
white solid (326.4 mg, 85%). The spectral data of the iodocarbonate (184) are identical 
to those obtained from the previous experiment. 
(3 'S ,5 'S)-2 (5 ',6 '-epoxy-3 '-hydroxyhexanyl)-5 ,5-Dimethyl-1,3-
dioxane ( 187) 
A solution of the iodocarbonate (182) (3.70 g, 0.0196 mole) and anhydrous 
potassium carbonate (5.52 g, 0.04 mole) in dry methanol (400.0 ml) was stirred at -20 
°C for 36h. The solution was warmed to room temperature, and methanol was removed 
by rotary evaporation. A mixture of ethyl acetate and water was added to the resulting 
residue, and it was extracted with ethyl acetate. The combined ethyl acetate layers were 
washed with water, saturated sodium thiosulfate solution, water and brine, dried 
(Mg SO 4) and filtered. The resulting filtrate was evaporated to dryness. Flash 
chromatography of the crude product on silica gel in ethyl acetate gave a 19: 1 mixture of 
diastereomers at C-5' of the desired epoxide (187) as a colourless oil (1.63 g, 74%). 
(Found C, 62.51; H, 9.35. C12H22O4 requires C, 62.58; H, 9.63%). MS: m/z 230 
(M+, 0.1), 229 (M+-1, 1.5), 173 (M+-c3H 5O, 8.0), 143 (173-CHOH, 8.1), 115 
(C6H 11O2 +, 84.0), 87 (115-CO, 81.6), 69 (87- H2O, 100.0), 43 (C2H3o+, 25.9). 1H 
NMR 8 0.75 (s, 3H, CH 3CCH3), 1.20 (s, 3H, CH3CCH 3), 1.50-1.90 (m, 6H, 
3(CH2)), 2.50 (dd, lH, J = 2.7, 4.9 Hz, H-6'), 2.80 (t, lH, J = 4.5 Hz, H-6'), 2.82 
(d, lH, J = 3.0 Hz, OH), 3.02-3.15 (m, lH, H-5'), 3.42 (d, 2H, J = 11.2 Hz, 
I 
II 
169 
-OCH2-), 3.60 (d, 2H, J = 11.0 Hz, -OCH2-), 3.90 (m, lH, CHOH), 4.50 (t, lH, J = 
4.3 Hz, -OCHO-). 13C NMR 8 21.81 C.C.H 3CCH 3 ), 23.01 (CH3CCH 3), 30.08 
(CH3CCH3), 31.10, 31.18 (hH2CH2CHOH), 39.92 (HOCHCH2CH), 46.63 (C-6'), 
50.28 (C-5'), 69.90 (CHOH), 77.23 (2(hH2O-)), 101.91 (-OCHO-). [a]D -3.626 (~ 
2.02, MeOH). 
( 3 'S ,5 'S )-2-(3 ',5 '-D ihydroxyoct-7 '-e nyl)-5 ,5-dimethyl-1,3-dioxane 
( 193) and (3 'S ,5 'S )-2-(3 ',5 '-dihydroxy-6 '-phe nyl)-5 ,5-dimethyl-1 ,3-
dioxane (194) 
To a solution of the epoxide (189) (1.38 g, 0.06 mole) in dry diethyl ether (30.0 ml) 
under an argon atmosphere at -60 °C was introduced dropwise a freshly prepared 
solution of vinyllithium (0.072 mole) in diethyl ether (7.0 ml). The reaction solution 
was stirred at -60 °C for 0.5h, and at O °C for 0.5h. In a separate flask, the cuprate was 
generated by introducing a solution of vinyllithium (0.36 mole) in ether (43.0 ml) to a 
suspension of cuprous cyanide (1. 75 g, 0.195 mole) in diethyl ether (70.0 ml) at -60 °C 
under an argon atmosphere. The resulting mixture was warmed to O °C until the colour 
changed to green, it was then recooled to -60 °C. The above alkoxide was transferred to 
the cuprate mixture and the reaction mixture was stirred at -60 °C for 3h. The reaction 
was quenched with saturated ammonium chloride solution at O °C for a minimum period 
of 10 min and filtered (celite). The resulting filtrate was extracted with ethyl acetate and 
the combined ether-ethyl acetate layers were washed with water and brine, dried 
(MgSO4) and filtered. The resulting filtrate was evaporated to dryness to give a crude 
product which was purified by flash chromatography on silica gel in ethyl acetate to 
give a mixture of the desired olefin (193) and the phenyl adduct (194) as a colourless 
viscous oil (1.32 g, 85%). GC of the mixture indicated a 4:1 mixture of (193) and 
(194). A small amount of this mixture was rechromatographed to give the pure olefin 
(193) and the phenyl analogue (194) for physical and chemical characterization. The 
olefin (193) (Found C, 65.16; H, 10.17. C 14H26o4 requires C, 65.09; H, 10.14%). 
·-
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MS: m/z 257 (M+-1, 0.2), 217 (M+-c 3H 5 , 0.9), 199 (217-H2O, 13.6), 173 
(C9H 17o3+, 8.8), 155 (173-H2O, 7.1), 115 (C6H11o2+, 45.4), 113 (115-2H, 100.0), 
87 (115-CO, 44.1), 69 (87-H2O, 64.5), 41 (C3H5+, 41.5). 1H NMR 80.70 (s, 3H, 
CH3CCH3), 1.12 (s, 3H, CH3CCH3), 1.40-1.85 (m, 6H, OCOCH2CH2CHOHCH2-
CHOH-), 2.23 (dd, 2H, J = 7.3, 5.9 Hz, CH2CH=CH2), 3.40 (d, 2H, J = 10.7 Hz, 
-CH2O-), 3.60 (d, 2H, J = 11.2 Hz, -CH2O-), 3.80-4.00 (m, 2H, 2(CHOH)), 4.50 (t, 
lH, J = 4.3 Hz, -OCHO-), 5.00-5.20 (m, 2H, CH2=CH-), 5.70-5.95 (m, lH, 
-CH=CH2). 13C NMR 8 21.78 (CH3CCH3), 23.01 (CH3CCH3), 30.05 (-CH2-
CHOH-), 30.81 (OCOCH2-), 32.03 (-HOHCCH2CHOH-), 42.37 (CH2CH=CH2), 
71.71 (CH2CHOHCH2), 72.41 (-CHOHCH2CH=CH2), 77.20 (2(-CH2O-)), 101.93 
(-O.CO-), 117.58 (-CH=CH2), 134.64 (-CH=CH2). [a]0 -5.056 (~2, in CHC13). The 
phenyl analogue (194) was obtained as a white solid, mp 108-110 °C. MS: m/z 307 
(M+-1, 0.2), 217 (M+-Bz, 0.8), 199 (217-H2O, 12.4), 173 (C9H 17o3+, 7.6), 115 
(C6H 11 O2+, 46.1), 113 (115-2H, 100.0), 91 (Bz+, 17.3), 87 (115-CO, 47.4), 69 
(87-H2O, 66.2). 1H NMR 8 0.72 (s, 3H, CH3CCH3), 1.20 (s, 3H, CH3CCH3), 
1.41-1.82 (m, 6H, 3(-CH2)-), 2.70 (dd, lH, J = 7.4, 10.5 Hz, HCHC 6H 5), 2.7 
(s(br), 2H, 2(OH)), 2.80 (dd, lH, J = 7.2, 10.7 Hz, HCHC 6H 5), 3.40 (d, 2H, J = 
11.0 Hz, -OCH 2 -), 3.60 (d, 2H, J = 11.2 Hz, -OCH 2-), 3.78-3.92 (m, lH, 
-CHOHBz), 4.00-4.15 (m, lH, CHOHCH2), 4.50 (t, lH, J = 4.3 Hz, -OCHO-), 
7.12-7.35 (m, 5H, Ar). 
( 3 'S ,5 'S ,7' S)-2-(3 '-Hydroxy-5 ',7 '-0-carbonylidine-8 '-iodo octanyl)-
5 ,5-dimethyl-1 ,3-dioxane (195) 
To a solution of the olefin (193) (1.16 g,0.0045 mole) in tetrahydrofuran (60.0 ml) 
at -60 °C under an argon atmosphere was introduced dropwise a solution of n-BuLi 
(8.0 ml, 1.68 M, 0.0135 mole). After being stirred at -60 °C for lh, carbon dioxide 
was bubbled into the resulting alkoxide solution at -60 °C for lh. A solution of iodine 
(4.57 g,0.018 mole) in tetrahydrofuran (40.0 ml) was slowly added to the reaction 
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solution. The reaction was allowed to warm slowly to room temperature, and stirred 
overnight The workup procedure was performed in the same manner as for compound 
(184). Flash chromatography of the crude product on silica gel in ethyl acetate gave the 
desired iodocarbonate (195) as a viscous oil (1.37 g, 71 %). MS : m/z 427 (M+-1, 
0.1), 341 (M+-c5H 11O, 1.1), 325 (M+-C5H 11O2, 10.5), 173 (C9H 17o3+, 13.1), 115 
(C6H11O2 +, 89.5), 87 (115-CO, 53.9), 69 (87-H2O, 100.0). 1H NMR 8 0.75 (s, 3H, 
CH3CCH3), 1.20 (s, 3H, CH3CCH3), 1.50-1.90 (m, 6H, 3(CH2-)), 1.90-2.10 (m, 
lH, H-6'), 2.50 (dt, lH, d: J = 13.9; t: J = 3.0 Hz, H-6'), 3.30 (dd, lH, J = 10.7, 7.0 
Hz, HCHI), 3.40 (dd, lH, J = 10.5, 4.1 Hz, HCHI), 3.45 (d, 2H, J = 11.0 Hz, 
-CH2O-), 3.60 (d, 2H, J = 11.0 Hz, -CH2O-), 3. 75-3.90 (m, lH, H-3'), 4.38-4.50 
(m, lH, H-5'), 4.50 (t, lH, J = 4.4 Hz, -OCHO-), 4.60-4.80 (m, lH, H-7'). 
( 3 'S ,5 'S ,7'S )-2-(7 ',8 '-E poxy-3 ',5 '-dihydroxyoctanyl)-5 ,5-dimethyl-
1 ,3 -di ox an e ( 19 6) 
A solution of the iodocarbonate (195) (1.37 g, 0.003 mole) and anhydrous 
potassium carbonate (1.55 g, 0.011 mole) in dry methanol (150.0 ml) was stirred at -60 
°ᔹC for 24h. Methanol was removed by rotary evaporation and water was added to the 
resulting residue, before it was extracted with ethyl acetate. The combined ethyl acetate 
layers were washed with water and brine, dried (MgSO4) and filtered. The resulting 
filtrate was evaporated to dryness, and the crude product was purified by flash 
chromatography on silica gel in ethyl acetate to give two diastereomers of the desired 
compound (196) as a colourless oil (0.68 g, 83 %, and 0.013 g, 2 %). (Found C, 
61.50; H, 9.65. C 14H26O5 requires C, 61.29; H, 9.55 %). MS : m/z 274 (M+, 0.2), 
273 (M+-1, 3.1), 243 (M+-cH2OH, 4.9), 199 (M+-c3H5O, 4.6), 173 (C9H 17o3+, 
10.9), 115 (C6H 11O2 +, 100.0), 87 (115-CO, 56.0), 69 (87-H2O, 91.5). Diastereomer 
(196) 1H NMR 8 0. 72 (s, 3H, CH3CCH3), 1.20 (s, 3H, CH3CCH3), 1.45-1. 90 (m, 
8H, 4(CH2)), 2.50 (dd, lH, J = 5.0, 2.8 Hz, H-8'), 2.80 (dd, lH, J = 4.2, 4.9 Hz, 
H-8'), 3.08-3.19 (m, lH, H-7'), 3.42 (d, 2H, J = 10.6 Hz, -CH2O-), 3.60 (d, 2H, J 
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= 10.6 Hz, -CH2O-), 3.80-4.00 (m, lH, H-3'), 4.00-4.18 (m, lH, H-5'), 4.50 (t, 
lH, J = 4.5 Hz, -OCHO-). 13C NMR 21.78 (CH3CCH3), 23.01 (CH3CCH3), 30.08 
(CH3CCH3), 30.86 (C-1 '), 32.09 (C-2'), 40.21 (C-4'), 42.92 (C-6'), 46.63 (C-8'), 
49.81 (C-7'), 70.64 (C-5'), 72.56 (C-3'), 77.26 (-CH2O-), 101.91 (-OCO-). [a]D = 
-7.12 (£, 1.98 in MeOH). Diastereomer (196a), 1H NMR o 0.70 (s, 3H, CH3CCH3), 
1.20 (s, 3H, CH3CCH3), 1.50-1.90 (m, 8H, 4(-CHi-)), 2.51 (dd, lH, J = 5.0, 2.8 
Hz, H-8'), 2.80 (dd, lH, J = 4.2, 4.9 Hz, H-8'), 3.05-3.18 (m, lH, H-7'), 3.45 (dd, 
2H, J = 10.6 Hz, -CH2O-), 3.62 (d, 2H, J = 10.6 Hz, -CH2O-), 3.85-4.01 (m, lH, 
H-3'), 4.15-4.30 (m, lH, H-5'), 4.50 (t, lH, J = 4.5 Hz, -OCHO-). 
Reaction of (3 'S ,5 'S)-2-(3 ',5 '-dihydroxyoct-7'-ene)-5 ,5-dimethyl-
1,3-dioxane (193) with BOC-ON 
To a solution of the dihydroxy olefin (193) (32.0 mg, 0.124 mmol) in ether (50 ml) 
at room temperature under an argon atmosphere was introduced dropwise a solution of 
n-butyllithium (0.19 ml, 0.29 mmol) over 10 min. This alkoxide solution was then 
transferred to a solution of BOC-ON (76.34 mg, 0.31 mmol) in tetrahydrofuran (2.0 
ml) and stirring was continued at room for 6h. A (2:3) mixture of ethyl acetate and 
petroleum ether was added into the resulting reaction solution, which was washed with 
2N sodium hydroxide solution, water and brine, dried and filtered. The resulting filtrate 
was evaporated to dryness to give a total crude material as a viscous dark yellow oil. 
The crude material was purified by flash chromatography on silica gel in ethy 1 acetate-
petroleum ether (2:3) to give the carbonate (199) as a colourless viscous oil (5.4 mg, 15 
%) and the olefin (193) (6.3 mg). The carbonate (199), MS: m/z 284 (M+, 0.5), 283 
(M+-1, 3.9), 199 (M+-c3H5-CO2, 19.2), 115 (C6H 11o2+, 91.6), 87 (115-CO, 26.5), 
69 (87-H2O, 100.0). 1H NMR o 0.70 (s, 3H, CH3CCH3), 1.18 (s, 3H, CH3CCH3), 
1.40-1.90 (m, 5H, 2 (H-1 ') + 2 (H-2') + (H-4')), 2.05 (dt, lH; d, J = 14.1 Hz; t, J = 
3.0 Hz, H-4'), 2.30-2.60 (m, 2H, CH 2CH=CH2 ), 3.40 (d, 2H, J = 10.7 Hz, 
-CH2O-), 3.60 (d, 2H, J = 10.9 Hz, -CH2O-), 4.35-4.55 (m, 3H, (H-2) + (H-3') + 
·- . -- ----- -- ---
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(H-5 ')), 5.10-5.25 (m, 2H, CH2=CH-), 5.70-5.90 (m, lH, CH2=CH-). 
( 3 'S ,5 'S )-2-(3 ',5 '-O-isopropylide neoct-7'-enyl)-5 ,5-dimethyl-1 ,3-
dioxane (224) 
A solution of the dihydroxy olefin ( 193) (280.4 mg, 1.09 mmol) and 2,2-dimethoxy 
propane (2.0 ml) in dry dichloromethane ( 12.0 ml) in the presence of pyridinium 
p-toluenesulfonate (12 crystals) was stirred at room temperature for 4h. 130,131 More 
dichloromethane was added to the reaction solution, and it was washed with water, 5% 
sodium bicarbonate solution, water and brine, dried (MgSO 4) and filtered. The resulting 
filtrate was evaporated to dryness to give a crude product which was purified by flash 
chromatography on silica gel in ethyl acetate-petroleum ether (2:3) to give the desired 
dioxane (224) as a colourless oil (246.7 mg, 76 %). (Found C, 68.64; H, 10.03. 
C 17H30O 4 requires C, 68.42, H, 10.13 % ). MS : m/z 298 (M+, 0.6), 297 (M+ -1, 
2.4), 283 (M+ -CH3, 72.4), 257 (M+ -C3H 5, 2.0), 223 (M+ -C 3H 8O, 20.5), 199 
(M+-c3H6O-C3H5, 46.5), 155 (M+-c8H 15O2, 7.7), 141 (C8H 13o2+, 20.0), 115 
(C6H11O2 +, 92.1), 87 (115-CO, 33.1), 69 (87-H2O, 100.0). 1H NMR 8 0.71 (s, 3H, 
CH 3CCH 3), 1.20 (s, 3H, CH3CCH 3), 1.38 (s, 3H, CH 3CCH 3), 1.42 (s, 3H, 
CH3CCH3), 1.25-1.85 (m, 6H, 3(CH2-)), 2.03-2.38 (m, 2H, CH2CH=CH2), 3.40 
(d, 2H, J = 10.7 Hz, -CH2O-), 3.60 (d, 2H, J = 10.9 Hz, -CH2O-), 3.70-3.95 (m, 
2H, 2(CHOR)), 4.42 (t, lH, J = 4.6 Hz, -OCHO-), 5.00-5.15 (m, 2H, CH2=CH-), 
5.70-5.92 (m, lH, -CH=CH2). 13C NMR 19.77 (CH3C5CH3), 21.81 (CH3C5CH3), 
23.0 (CH3CCH3), 30.10 (CH3CCH3), 30.22 (CH3CCH3), 30.40 (-CH2CH2-), 30.60 
(-CH2CH2-), 36.38 (CHORCH2CHOR), 40.85 (CH2CH=CH2), 68 .68 (2(CHOR)) , 
77.20 (2(-CH2O-)), 98.40 (-OCO-), 102.02 (-OC5O-), 116.91 (-CH=CH2), 134.26 
(-CH=CH2). 
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(3 'S ,5 'S, 7 'S )-2-( 3 ',5 '-0-1 sop ro pylidine-7' ,8 '-epoxyoctanyl)-5 ,5-
dimethyl-1,3-dioxane (201) 
Reaction of (196) (446.6 mg, 1.63 mmol) as for the compound (193) gave the 
desired compound (201) which was purified by flash chromatography on silica gel in 
ethyl acetate-petroleum ether (2:3) giving the desired dioxane (201) as a white solid 
(435.7 mg, 85 %), mp 48-49 °C. (Found C, 65.19; H, 9.78. C 17H 30o 5 requires C, 
64.94; H, 9.62 %). [a]D = -7.75 (£, 1.78 in MeOH). MS : m/z 314 (M+, 0.4), 313 
(M+-1, 2.3), 299 (M+-Me, 52.7), 239 (M+-c3H5O-H2O, 12.8), 199 (M+-c6H 11O2, 
13.3), 171 (199-C2H 4 , 11.2), 153 (171-H2O, 9.5), 141 (C8H 13o 2+, 24.5), 115 
(C6H 11O2+, 100.0), 87 (115-CO, 27.1), 69 (87-H2O, 76.8), 43 (C2H3o+, 26.2). 1H 
NMR 8 0.71 (s, 3H, CH3CCH3), 1.20 (s, 3H, CH3CCH3), 1.39 (s, 3H, CH3CCH3), 
1.42 (s, 3H, CH3CCH3), 1.45-1. 90 (m, 8H, 4(-CH2-)), 2.50 (dd, lH, J = 5.0, 2.8 
Hz, H-3'), 2.78 (dd, lH, J = 4.1, 5.0 Hz, H-3'), 2.98-3.09 (m, lH, H-2'), 3.40 (d, 
2H, J = 10.6 Hz, -CH2O)-), 3.59 (d, 2H, J = 10.7 Hz, -CH2O-), 3.70-3.90 (m, lH, 
H-6'), 3.90-4.08 (m, lH, H-4'), 4.40 (t, lH, J = 4.6 Hz, -OCHO-). 13C NMR 19.80 
(CH3CCH3), 21.84 (CH3C5CH3), 23.04 (CH3CCH3), 30.07 (CH3C5CH3), 30.22 
(CH3C5CH3), 30.37 (C-1 '), 30.57 (C-2'), 36.59 (C-4'), 38.89 (C-6'), 46.57 (C-8'), 
48.76 (C-7'), 66.43 (C-3'), 48.76 (C-5'), 77.17 (2(-CH2O-)), 98.40 (CH3CCH3), 
101.96 (C-2). 
(3 'S ,5 'S )-2-(3 ',5 '-0-1 sopropylidene-6 '-phenylhexanyl)-5 ,5-
dimethyl-1,3-dioxane (233) 
Reaction of the dihydroxy compound (194) (124.5 mg, 0.40 mmol) as for the olefin 
(193) gave the desired compound (233) which was purified by flash chromatography 
on silica gel in ethyl acetate-petroleum ether (2:3) giving the desired dioxane (233) as a 
viscous oil (123.7 mg, 89%). MS: m/z 348 (M+, 1.4), 347 (M+-1, 2.0), 257 (M+-Bz, 
1.1), 199 (257-C3H 6O, 71.1), 171 (199-CO, 12.8), 169 (199-H2CO, 30.6), 143 
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(C8H 150 2 +, 26.6), 115 (C6H 11 0 2 +, 63.8), 113 (C61½02 +, 64.2) , 91 (C7H7 +, 60.9) , 
87 (115-CO, 29.2), 69 (87-H20, 100.0). 1H NMR c5 0.70 (s, 3H, CH3CCH3) , 1.18 
(s, 3H, CH3CCH3), 1.40 (s, 6H, (CH3)2C), 1.45-1. 90 (m, 6H, 3(-CH2-)), 2.60 (dd, 
lH, J = 13.0, 8.1 Hz, -HCHAr), 2.91 (dd, lH, J =13.0, 5.3 Hz,-HCHAr), 3.38 (d, 
2H, J = 10.7 Hz, -CH20-), 3.57 (d, 2H, J = 10.7 Hz, -CH20-), 3.61-3.81 (m, lH, 
H-3'), 3.90-4.08 (m, lH, H-5'), 4.39 (t, lH, J = 4.6 Hz, -OCHO-), 7.10-7.30 (m, 
SH, Ar). 
(3 'S ,5 'S ,7'S )-2-(7'-Hydroxy-3 ',5 '-O-isopropylidenedec-9 '-enyl)-
5 ,5-dimethyl-1,3-dioxane (202) and (3'S,5'S,7'S)-2-(7'-hydroxy-
3 ',5 '-isopropylidene-8 '-phenyloctanyl)-5 ,5-dimethyl-1,3-dioxane (203) 
To a suspension of cuprous cyanide (297.2 mg, 3.32 mmol) in diethyl ether (30.0 
ml) under an argon atmosphere at -60 °C was introduced dropwise a solution of 
vinyllithium, which was freshly prepared from a reaction of tetra vinyl tin (367.3 mg, 
1.63 mmol) and phenyllithium (3.9 ml, 6.50 mmol) in diethyl ether (20.0 ml). The 
resulting reaction mixture was warmed to O °C until the colour of the suspension 
changed to green, it was then recooled to -60 °C. A solution of the epoxide (201) 
(408.2 mg, 1.3 mmol) was added slowly to the resulting cuprate solution, and the 
reaction was stirred at -60 °C for 3h. The workup was performed in the same manner as 
for compound (138). Flash chromatography of the crude product on silica gel in ethyl 
acetate-petroleum ether (2:3) gave the desired compound (202) and a side product (203) 
as a colourless oil in a total amount of (376.9 mg, 85 %) [GC: compound (202) : 
compound (203) = 4:1 ]. The olefin (202), 1H NMR 8 0.70 (s, 3H, CH3CCH3), 1.20 
(s, 3H, CH3CCH3), 1.38 (s, 3H, CH3CCH3), 1.45 (s, 3H, CH3CCH3), 1.20-1.90 
(m, 8H, 4(-CH2-)), 2.12-2.29 (m, 2H, -CH2CH=CH2), 3.40 (d, 2H, J = 10.7 Hz, 
-CH20-), 3.60 (d, 2H, J = 10.7 Hz, -CH20-), 3.45-3 .65 (m, lH, CHOH), 3.75-3.95 
(m, lH, H-3'), 3.95-4.18 (m, 2H, H-5' + OH), 4.40 (t, IH, J = 4.6 Hz, -OCHO-), 
5.02-5.18 (m, 2H, -CH=CH2), 5.70-5.95 (m, IH, -CH=CH2). The phenyl compound 
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(203), 1H NMR c5 0.70 (s, 3H, CH3CCH3), 1.20 (s, 3H, CH3CCH3), 1.38 (s, 3H, 
CH3CCH3), 1.42 (s, 3H, CH3CCH3), 1.50-1.90 (m, 8H, 4(-CH2-)), 2.65 (dd, lH, J 
= 13.0, 6.5 Hz, -HCHAr), 2.82 (dd, lH, J = 13.0, 6.5 Hz, -HCHAr), 3.40 (d, 2H, J 
= 10.8 Hz, -OCH20-), 3.60 (d, 2H, J = 10.9 Hz, -OCH20-), 3.70-3.90 (m, lH, 
H-3'), 3.90-4.19 (m, 3H, H-5' + CHOH), 4.40 (t, lH, J = 4.6 Hz, -OCHO-), 
7 .15-7 .35 (m, SH, Ar). 
( 3 'S ,5 'S, 7 'S )-2 -( 3 ',5 '-0-1 sop r op y lid en e -7 ' - tetra hydro p yr any lox y-
d e c -9 '-enyl)-5 ,5-dimethyl-1,3-dioxane (226) and (3 'S ,5 'S ,7'S)-2-
( 3 ',5 '-0-is op r op y lid en e-8 ' -p hen y 1- 7 '-tetra hydro p y ran y lox yo ct any l )-
5 ,5-dimethyl-1,3-dioxane (22 7) 
A solution of the 4: 1 mixture of the hydroxy acetonide (202) and (203) (289.0 mg, 
0.82 mmol) and dihydropyran (5.0 ml) in dry dichloromethane (30.0 ml) in the 
presence of a catalytic amount of pyridinium p-toluenesulfonate was stirred at room 
temperature for 4h. 131 More dichloromethane was added to the resulting solution, and it 
was washed with water, 5% sodium bicarbonate solution, water and brine, dried 
(Mg SO 4) and filtered. The resulting filtrate was evaporated to dryness, and the crude 
product was purified by flash chromatography on silica gel in ethyl acetate-petroleum 
ether (1 :9) to give 1: 1 mixture of diastereomers of the dioxane (226) (249.0 mg, 71 % ) 
and the dioxane (227) (99.3 mg, 27.5 %) as viscous oils. The dioxane (226), (Found 
C, 67.65; H, 10.04. C24H420 6 requires C, 67.57; H, 9.92 %). MS: m/z 425 (M+-1, 
0.1 ), 411 (M+ -Me, 6. 9), 327 ( 411-C5H80, 2.5), 257 (M+ -C 10H 170 2, 0.6), 225 
(M+-c6H 11 0 2 - C5H 100, 2.2), 115 (C6H 11 o2+, 28.5), 87 (115-CO, 100.0), 69 
(87-H20, 20.0), 41 (C3H5+, 11.9). 1H NMR 80.71 (s, 3H, CH3CCH3), 1.18 (s, 
3H, CH3CCH 3 ), 1.35 (s, 3H, CH 3CCH 3), 1,40, 1.41 (2s, 3H, CH3CCH 3), 
1.45-1.95 (m, 14H, 2((H-1 ') + (H-2') + (H-4') + (H-6') + 2(H-3") + 2(H-4") + 
2(H-5") of the THP ring)), 2.28 (dd, lH, J = 12.2, 5.6 Hz, HCHCH=CH2), 2.49 (t, 
lH, J = 6.5 Hz, HCHCH=CH2), 3.40 (d, 2H, J = 10.7 Hz, -CH20-), 3.40-3.60 (s, 
: 
I 
177 
lH, CHOTI-IP), 3.60 (d, 2H, J = 10.9 Hz, -CH20-), 3.70-4.15 (m, 4H, 2(CHOR) + 
THP-2(H-6")), 4.41 (t, lH, J = 4.6 Hz, -OCHO-), 4.68 (t, lH, J = 2.5 Hz, 
THP-(H-2")), 5.00-5.15 (m, 2H, -CH=CH2), 5.69-6.00 (m, lH, -CH=CH2). The 
dioxane (227), (Found C, 70.73; H, 9.13. C28H44o6 requires C, 70.56; H, 9.30%). 
MS : m/z 475 (M+-1, 0.1), 461 (M+-Me, 8.1), 333 (M+-C 8H 150 2 , 3.3), 257 
(M+-C 14H 190 2, 5.8), 199 (C 11H 19o3+, 31.0), 115 (C6H 11o2+, 32.3), 85 (C5H9o+, 
100.0), 69 (115-HCOOH, 19.0). 1H NMR 8 0.71 (s, 3H, CH3CCH3), 1.19 (s, 3H, 
CH3CCH3), 1.38 (s, 3H, CH 3CCH3), 1.40, 1.41 (2s, 3H, CH3CCH3), 1.20-1.90 
(m, 14H, 2((H-1 ') + (H-2') + (H-4') + (H-6') + THP-2((H-3") + (H-4") + (H-5")), 
2.79 (d, lH, J = 5.6 Hz, HCHAr), 2.90 (t, lH, J =4.6 Hz, HCHAr), 3.20-3.48 (m, 
lH, CHOTHP), 3.39 (d, 2H, J = 10.7 Hz, -CH20-), 3.59 (d, 2H, J = 10.9 Hz, 
-CH 20-), 3.65-4.20 (m, 4H, 2(CHOR) + THP-2(H-6")), 4.32-4.45 (m, lH, 
-OCHO-), 4.70 (s(br), lH, TI-IP-(H-2")). 
1,6-H exanedicarboxylic acid (212) 
To a stirred suspension of ruthenium tetroxide, 140 generated by adding a solution of 
sodium metaperiodate (581.0 mg, 2. 7 mmol) in water to a black suspension of 
ruthenium dioxide (58.0 mg, 0.44 mmol) in acetone (20.0 ml), was added dropwise a 
solution of cyclohexene (82.0 mg, 1.0 mmol) in acetone (5 .0 ml). Small portions of a 
solution of sodium metaperiodate (2.32 g, 10.8 mmol) in aqueous acetone (25.0 ml) 
were added into the reaction solution when a black colour was observed. The reaction 
mixture was stirred at room temperature overnight, it was then quenched with 
isopropanol (2.0 ml) at room temperature for 10 min. The resulting mixture was filtered 
through a sand column, and washed thoroughly with acetone. The resulting filtrate was 
evaporated to dryness and the residue was extracted with ethyl acetate. The combined 
ethyl acetate layers were re-extracted with 5% sodium bicarbonate solution. The 
combined bicarbonate layers were acidified with 6N-hydrochloric acid, and then 
re-extracted with ethyl acetate. The combined ethyl acetate layers were washed with 
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brine, dried (MgSO4) and filtered. Evaporation of the resulting filtrate yielded the 
desired dicarboxylic acid (212) as a white solid (110.0 mg, 75 %), mp. 152-154 °c. 1s7 
1H NMR (CD3OD) 81.50-1.8 (m, 4H, (-CH2CH2CO2H)2), 2.30 (t, 4H, J = 7.1 Hz, 
(-CH2CH2CO2H)2), 5.29 (s(br), 2H, 2(COOH)). 
(3 'S ,5 'S )-2-(6 '-Carboxyl-3 ',5 '-O-isopropylidenehexanyl)-5 ,5-di-
methyl-1,3-dioxane (225) 
To a yellow suspension of ruthenium tetroxide, generated by adding a solution of 
sodium metaperiodate (120.0 mg) in water (3.0 ml) to a stirred black suspension of 
ruthenium dioxide (15.0 mg) in acetone (7.0 ml), was added dropwise a solution of the 
olefin (224) (100.0 mg) in acetone (3.0 ml) at room temperature. 140 Small portions of 
sodium metaperiodate solution (550.0 mg) in aqueous acetone (acetone 7.0 ml+ water 
7.0 ml) were added when a black colour was observed. The reaction was stirred at 
room temperature for a further period of 1.5h, then quenched with isopropanol (1.0 ml) 
at room temperature for 10 min. The resulting mixture was filtered through a sand 
column and washed thoroughly with acetone. The resulting filtrate was evaporated, and 
the residue was extracted with ethyl acetate. The combined ethyl acetate layers were 
washed with brine, dried (MgSO 4) and filtered. Evaporation of the resulting filtrate 
afforded the desired acid (225) as a white solid (99.3 mg, 94%) mp 110-112 °C. The 
compound was sufficiently pure for use in the next step without further purification. 
HRMS, found m/z 315.1808, (calcd for C16H27o6 m/z 315.3899); MS: m/z 315 
(M+-1, 2.2), 301 (M+-Me, 30.8), 257 (M+-CH2COOH, 6.4), 241 (M+ -CH3COOH, 
40.1), 199 (M+-c 3H 6O-CH 2 COOH, 12.3), 171 (C9H 15 0 3 +, 26.7), 155 
(199-CH3CHO, 81.5), 115 (C6H 11o2+, 100.0), 87 (115-CO, 20.9), 69 (87-H2O, 
62.3), 59 (CH2COOH+, 34.3), 45 (COOH+, 21.7). 1H NMR 0.71 (s, 3H, 
CH 3CCH 3), 1.18 (s, 3H, CH3CCH 3), 1.38 (s, 3H, CH 3CCH 3), 1.44 (s, 3H, 
CH 3CCH 3), 1.30-2.00 (m, 6H, 3(-CH2-)), 2.48 (dd, lH, J = 15.9, 5.7 Hz, 
HCHCO2H), 2.52 (dd, lH, J = 15.9, 7.1 Hz, HCHCO2H), 3.40 (d, 2H, J = 11.0 Hz, 
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-CH2O-), 3.59 (d, 2H, J = 11.0 Hz, -CH2O-), 3.75-4.95 (m, lH, H-3 '), 4.15-4.38 
(m, lH, H-5'), 4.42 (t, lH, J = 4.6 Hz, -OCHO-), 9.52 (s, lH, OH). 
(3 'S ,5 'S ,7 'S )-2-( 8 '-C arboxyl-3 ',5 '-O-isop ropylidene-7 '-tetrahydro-
pyranyloxyoctanyl)-5 ,5-dimethyl-1,3-dioxane (228) 
Reaction of the olefin (226) (45.0 mg) with ruthenium tetroxide-sodium 
metaperiodate as for the olefin (224) gave the desired acid (228) as a viscous oil ( 42.5 
mg, 88%). MS: m/z 327 (M+ -C5H 9O-HCO2H, 3.2), 313 (327-CH2, 0.1), 285 
(313-CO, 5.1), 225 (285-C3H 6O-2H, 25.2), 199 (C 11 H 190 3 +, 12.6), 171 
(C9H15O3 +, 5.0), 141 (171-CO-2H, 23.4), 115 (C51½O+, 76.5), 69 (115-HCO2H, 
100.0), 45 (CO2H+, 33.0), 43 (CH3co+, 58.7). 1H NMR 8 0.71 (s, 3H, 
CH 3CCH 3), 1.21 (s, 3H, CH3CCH 3), 1.38 (s, 3H, CH 3CCH 3), 1.42 (s, 3H, 
CH3CCH3), 1.10-2.00 (m, 14H, 4(-CH2-) + 3(-CH2) in the THP ring), 2.59 (d, lH, J 
= 5.6 Hz, HCHCO2H), 2.70 (d, lH, J = 5.6 Hz, HCHCO2H), 3.40 (d, 2H, J = 11.0 
Hz, -CH2O-), 3.42-3.65 (m, lH, CHO-THP), 3.60 (d, 2H, J = 11.0 Hz, -CH2O-), 
3.70-4.00 (m, 2H, CHOR + THP-(H-6)), 4.00-4.30 (m, 2H, CHOR + THP-(H-6")), 
4.41 (t, lH, J = 4.6 Hz, -OCHO-), 4.08-4.28 (m, lH, THP-(H-2")). The crude acid 
was sufficiently pure for use in the next step without further purification. 
(2S ,2 'S )-2-(2 '-hydroxy-3 '-phenylpropanyl)-5-methoxytetrahydro-
furan (236) 
A solution of the dioxane (233) (23.0 mg) in 10% methanolic hydrogen chloride 
(10.0 ml) was stirred at room temperature for 2h. The resulting solution was neutralized 
with 5% sodium bicarbonate solution at O °C, then methanol was removed by rotary 
evaporation. The resulting residue was extracted with ethyl acetate and the combined 
ethyl acetate layers were washed with water and brine, dried (MgSO4) and filtered. The 
resulting filtrate was evaporated to dryness, and the crude product was purified by flash 
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chromatography on silica gel in ethyl acetate-petroleum ether (2:3) to give two 
diastereomers of the desired tetrahydrof uran (236) as colourless oils. Diastereomer 
(236a): (Found C, 71.23; H, 8.50. C 14H200 3 requires C, 71.16; H, 8.53%). MS: m/z 
236 (M+, 0.7), 205 (M+-OMe, 34.9), 187 (205-H20, 6.7), 113 (M+-MeOH-C7H7, 
100.0), 101 (C5H90 2 +, 37.6), 91 (C7H7 +, 36.1), 85 (C5~o+, 17.6), 69 (C4H5o+, 
42.9). 1H NMR 8 1.30-2.18 (m, 6H, 2((H-3) + (H-4) + (H-1')), 2.71 (dd, lH, J = 
13.4, 6.6 Hz, HCHC 6H5), 2.88 (dd, lH, J = 13.4, 6.6 Hz, HCHC6H5), 3.32 (s, 3H, 
OCH3), 4.00-4.29 (m, 2H, (H-2) + (H-2')), 5.05 (dd, lH, J = 4.9, 2.0 Hz, H-5), 
7.01-7.35 (m, SH, Ar). Diastereomer (236b ): (Found C, 71.28; H, 8.4 7. C 14H200 3 
requires C, 71.16; H, 8.53%). MS: m/z 205 (M+-OMe, 2.1), 187 (205-H20, 0.8), 
113 (M+ -MeOH-C7H 7 , 100.0), 101 (C5H 90 2 +, 46.0), 91 (C7H 7 +, 88.4), 85 
(C5~o+, 14.0), 69 (C4H5o+, 76.8). 1H NMR 8 1.30-2.07 (m, 6H, 2((H-3) + (H-4) 
+ (H-1')), 2.70 (dd, lH, J = 13.3, 6.4 Hz, HCHC6H5), 2.90 (dd, lH, J = 13.6, 6.7 
Hz, HCHC6H5), 3.34 (s, 3H, OCH3), 4.98-4.25 (m, 2H, H-2 + H-2'), 4.97 (d, lH, 
J = 3.9, Hz, H-5), 7.12-7.38 (m, SH, Ar). 
(2S ,2 'S ,SRS)-2-(3 '-Carbomethoxy-2 '-hydroxypropanyl)-5-methoxy-
tetrahydrofuran (237a,b) 
A solution of the acid (225) (50.0 mg) in 10% methanolic hydrogen chloride (10.0 
ml) was stirred at room temperature for 2h. The workup was performed in a similar 
manner to that used for compound (236). Flash chromatography of the crude product 
on silica gel in ethyl acetate-petroleum ether (4:1) afforded a 1:1 mixture of the two 
diastereomers of the desired esters (237a,b) as a colourless oil (10.9 mg, 32%). The 
MS and 1H NMR spectra of the synthetic esters are identical to those obtained from the 
esters (54a,b) derived from amphotericin B except for the ORD curve where the 
synthetic ester gave a plain positive curve. 
I 
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(2S ,2 'S ,4 'S ,SRS )-2-(5 '-Carbomethoxy-2 ',4 '-dihydroxypentanyl)-5-
methoxytetrahydrofuran (238a,b) 
Reaction of the acid (228) as for the acid (225) gave the desired ester (238a,b ), 
which was purified by flash chromatography on silica gel in ethyl acetate-petroleum 
ether (4:1) giving a 1:1 mixture of two diastereomers of the desired esters (238a,b) as a 
colourless oil (5.0 mg, 14%). The MS, 1H NMR and 13C NMR spectra of the synthetic 
esters are identical to those recorded for the esters (41a,b) derived from nystatin, except 
for the ORD curve where the synthetic esters gave a plain positive curve. 
OZONOLYSIS OF CYCLOHEXENE 
Reductive workup. 
1,1,6,6-Tetramethoxyhexane (209), 6,6-dimethoxyhexanal (210) and 
1,6-hexanedialdehyde (211) 
a) Ozone was bubbled through a solution of cyclohexene (246.0 mg, 3.0 mmol) in 
methanol (10.0 ml) at -60 °C, at the rate of 0.35 mmol / min until the blue colour of 
ozone was observed. The excess ozone was removed by passing nitrogen gas through 
the solution for 10 min at -60 °C. Dimethylsulfide (1.0 ml) was added to the ozonolysis 
solution, which was allowed to warm slowly to room temperature and stirred 
ovemight.141 The reaction solution was evaporated to dryness, and the crude product 
was purified by flash chromatography on silica gel in ethyl acetate-petroleum ether (2:3) 
to give the diacetal (209) (21.9 mg, 3.5%), the monoacetal (210) (102.9 mg, 21 %) and 
the dialdehyde (211) ( 106.1 mg, 31 % ) as colourless oil. The diacetal (212 ), MS: m/z 
205 (M+-1, 0.1), 175 (M+-OMe, 0.1), 143 (M+-MeOH-OMe, 9.2), 111 
(M+-2(MeOH)-OMe, 8.5), 75 (MeOCHOMe+, 100.0). 1H NMR 81.20-1.50 (m, 4H, 
2(H-3) + 2(H-4 )), 1.50-1. 75 (m, 4H, 2(H-2) + 2(H-5)), 3.33 (s, 12H, 4(OMe)), 4.38 
--~ 
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(t, 2H, J = 5.4 Hz, H-1 + H-6). The monoacetal (210), MS: m/z 160 (M+, 0.1 ), 159 
(M+-1, 0.6), 145 (M+-Me, 10.9), 129 (M+-OMe, 4.8), 113 (M+-Me-MeOH, 21.3 ), 
75 (MeOCHOMe+, 100.0). 1H NMR 8 1.30-1.52 (m, 2H, 2(H-4)), 1.50-1.78 (m, 
4H, 2(H-3) + 2(H-5)), 2.48 (t, 2H, J = 7.1 Hz, 2(H-2)), 3.32 (s, 6H, 2(OMe)), 4.38 
(t, lH, J = 5.3 Hz, H-6). The dialdehyde (211), MS: m/z 114 (M+, 3.6), 113 (M+-1, 
12.1), 97 (M+-OH, 33.4), 85 (M+-CHO, 14.7), 70 (C4H6o+, 100.0), 55 (85-CH2O, 
98.6) . 1H NMR 8 1.50-1.80 (m, 4H, 2(H-3) + 2(H-4)), 2.50 (t, 4H, J = 7.1 Hz, 
2(H-2) + 2(H-5)), 9.78 (s, 2H, 2(CHO)). 
b) Ozone was bubbled through a solution of cyclohexene (246.0 mg, 3.0 mmol) in 
dry methanol (15.0 ml) in the presence of sodium bicarbonate (25.2 mg, 0.3 mmol) at 
-60 °C, at the rate of 0.35 mmol / min until the blue colour of ozone was observed. 143 
The excess ozone was removed by passing nitrogen gas into the resulting ozonolysis 
solution for 10 min, then dimethylsulfide (1.0 ml) was added at -60 °C. The reaction 
was allowed to warm slowly to room temperature, and was then stirred overnight. 
Methanol was removed by rotary evaporation, and the residue was extracted with ethyl 
acetate. The combined ethyl acetate layers were washed with water and brine, dried 
(MgSO 4) and filtered. The resulting filtrate was evaporated to dryness, and the crude 
product was purified by flash chromatography on silica gel in ethyl acetate-petroleum 
ether (2:3) to give the desired dialdehyde (211) as a colourless oil (109.6 mg, 32%). 
The spectral data of the dialdehyde (211) were identical to those obtained from the 
previous experiment. 
Oxidative workup 
1,6-Hexanedicarboxylic acid (212) and 6-hydroperoxy-6-methoxy-
hexanoic acid (213) 
Ozone was bubbled through a solution of cyclohexene (410.0 mg, 5.0 mmol) in dry 
183 
methanol (20.0 ml) at -60 °C, at the rate of 0.35 mmol / min until the blue colour of 
ozone was observed. The excess ozone \Vas removed by passing nitrogen into the 
solution for 10 min. To the ozonolysis solution was added 30% hydrogen peroxide (0.8 
ml) and 2N-sodium hydroxide solution (1.2 ml). 145 The resulting solution was refluxed 
for 0.5h, then cooled to room temperature, acidified with 6N-hydrochloric acid and 
evaporated. The resulting residue was extracted with ethyl acetate, the combined ethyl 
acetate layers being washed with saturated sodium chloride solution, dried (MgSO4) 
and filtered. The resulting filtrate was evaporated to dryness and the crude product 
obtained was purified by flash chromatography on silica gel in ethyl acetate to give the 
dicarboxylic acid (212) (300.7 mg, 41 %) and the hydroperoxide (213) (190.1 mg, 
21%) as white solids. The spectral data of the diacid (212) are identical to those 
obtained from the previous experiment. The hydroperoxide (213), 1H NMR 8 
1.30-1.90 (m, 6H, 2((H-3) + (H-4) + (H-5)), 2.48 (t, 2H, J = 7.1 Hz, 2(H-2)), 3.51 
(s, 3H, OCH3), 4.75 (t, lH, J = 4.6 Hz, H-6), 6.00 (s(br), 2H, 2(OH)). 
Dimethyl 1,6-hexanedicarboxylate (214) 
Ozone was bubbled through a solution of cyclohexene (164.0 mg, 2.0 mmol) in 5% 
methanolic hydrogen chloride (10.0 ml) at -60 °C, at the rate of 0.35 mmol / min until 
the blue colour of ozone was observed. 146 The excess ozone was removed by passing 
nitrogen into the solution for 10 min. Stirring of the resulting reaction solution was 
continued while the reaction temperature was allowed to rise slowly for a period of 2h. 
Bubbling of ozone was continued into the solution at O °C for another 24h. The excess 
ozone was removed by passing nitrogen into the solution at O °C for another 24h. The 
reaction solution was warmed to room temperature, and was then refluxed for 3h. 
Methanol was removed by rotary evaporation, and the residue was extracted with ethyl 
acetate. The combined ethyl acetate layers were washed with water and brine, dried 
(MgSO4), and filtered. The resulting filtrate was evaporated to dryness, and the crude 
product was purified by flash chromatography on silica gel in ethyl acetate-petroleum 
--
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ether (2:3) to give the desired diester (214) as a colourless oil (56.7 mg, 16%). MS: m/z 
143 (M+-OMe, 59.2), 114 (M+-HCO2Me, 100.0), 101 (M+-CH2CO2Me, 85.8), 74 
(C 3H 6O2 +, 47.5), 59 (CO2Me+, 2.7). 1H NMR 8 1.55-1.78 (m, 4H, 2((H-3) + 
(H-4)), 2.38 (t, 4H, J = 7.1 Hz, 2((H-2) + (H-5)), 3.70 (s, 6H, 2(OCH3)). 
(3 'S)-2-( 4 '-Carboxy-3 '-hydroxybutanyl)-5 ,5-dimethyl-1,3-dioxane 
(220) and 2-( 4'-carboxy-3 '-oxobutanyl)-5,5-dimethyl-1,3-dioxane (221) 
To a solution of sodium metaperiodate (420.0 mg) in acetone (1.0 ml) and water 
(1.0 ml) at room temperature was added a solution of the hydroxy olefin (176) (54.0 
mg, 0.25 mmol) in acetone (1.0 ml). The resulting solution was cooled to 5 °C, and a 
solution of potassium permanganate (13.0 mg) in acetone (0.5 ml) and water (0.5 ml) 
was added. 134 The resulting reaction mixture was stirred at O to 5 °C for 2h, and then at 
room temperature for another 2h. The reaction mixture was filtered, and the resulting 
filtrate was extracted with ethyl acetate. The combined ethyl acetate layers were washed 
with 5% sodium bicarbonate solution. The combined bicarbonate layers were acidified 
with 6N-hydrochloric acid, and re-extracted with ethyl acetate. The combined ethyl 
acetate layers were washed with brine, dried (Mg SO 4) and filtered. The resulting filtrate 
was evaporated to dryness to give a 2: 1 mixture of the hydroxy acid (220) and keto acid 
(221) (estimated from 1H NMR data) (40.7 mg, 70 %). 1H NMR 8 0.70 (s , 3H, 
CH3CCH3), 1.20 (s, 3H, CH3CCH3), 1.50-2.05 (m, 4H, -CH2CH2-), 2.40-2.60 (m, 
1.33H, RCHOHCH2CO2H), 2.60-2.70 (m, 0.67H, RCOCH2CO2H), 3.40 (d, 2H, J 
= 11.0 Hz, -CH2O-), 3.60 (d, 2H, J = 11.0 Hz, -CH2O-), 3.98-4.18 (m, 0.67H, 
-CHOR), 4.49 (t, lH, J = 4.6 Hz, -OCHO-), 6.50 (s(br) , 2H, COOR + OH). 
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E perimental ection: 
CORRECTIONS 
"desosamine" should read "mycamino e" 
"was" should read "were" 
"asymetrically" and "asymetric" should read 
"asymmetrically" and "asymmetric": respectively 
Correct to diethyl ester 
"europium (D-3-trifluoroacetyl camphorate)311 
should read "europium tris((d)-3-trifluoroacetyl 
camphorate) 
Formula in square brackets should be numbered 
(147) 
(~, 1.0 in MeOH) 
"(europium tris(D-3-trifluoro) acety lcampho-
ra te))" should read "europium tris 
((d)-3-trifluoroacetyl camphorate)". 
"stir overnight" should read "stirred overnight" 
Insert "After being stirred at -60 °C for lh, 
carbon dioxide was bubbled into the resulting 
alkoxide solution at -60 °C for 2h." 
"stir overnight" should read "stirred overnight" 
"(182)" should read "(184)" 
"(187)" should read "(189)" 
"at room for 6h" should read "at room 
temperature for 6h". 
"Pensy 1 vania" should read "Pennsy 1 vania". 
"Winterstein" should read "Wintersteiner" 
"Beiges.," should read "Beiges," 
"Pierre and Crabbe"' should read "Pierre 
Crabbe"' 
"Morrisin" should read "Morrison" 
"S.S. Woodard" should read "S.S. Woodward" 
All " [ a] x'' values are quoted in degree (0 ) 
-- -- ------.,.------
